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magnetic  ea^stCB;  but  rex;  hiicGy,  in  oonadeimtion  of  their  small 
importancu  u  prime  movas,  and  absence  of  economy;  the  true 
pndical  luc  of  dectro-maguetum  bnng,  not  to  drive  machmeiy, 
but  to  make  signals;  and  the  sabject  of  telegraphy  being  foreign 
to  the  parpo6«  of  this  work. 

Tha  principles  of  thermodvnamica,  or  the  Kienoe  of  t]ie  me> 
duiDical  action  of  beat,  are  explained  in  the  third  cha|>tor  of  the 
third  [lart  more  fuilr  than  would  have  been  neoenary  but  for  tha 
&ct^  that,  this  ia  the  first  nystematiu  treatiM  on  that  science  which 
haa  c\'cr  appeared;  the  only  pneiious  sources  of  infonuation  re- 
garding it  being  deb>ched  memoira  in  the  ttanaactiona  of  learaed 
•odeties,  and  in  scientific  joomala.* 

The  oxperimentAl  and  practical  bxamplea  used  to  illustrate  the 
application  of  the  principles  of  that  wdeuoe,  and  of  rules  and  tablos 
deduced  from  them,  are,  to  a  considerable  extent,  taken  from  tlm 
Author's  penKmal  obscr^'ationsof  the  pcrformuiioc  ufniarine  engines. 

At  Uio  end  of  the  book,  as  well  as  inter^rsod  through  ii, 
are  vahouu  tables,  useful  in  calculations  respecting  prime  morera, 
specially  the  steam  engine;  and  many  of  those  taUes  contain 
results  vhicb  have  never  before  been  published. 

The  Author  lias  endeavoured  to  the  bnt  of  his  ability  and 
reooUection  to  acknowledge,  in  the  course  of  the  book,  the  sonrces 
from  which  he  has  derived  information.  For  much  of  that  informa- 
tion, for  opportnnitica  of  inspecting  furnaces,  boilers,  and  engines, 
and  of  making  experiments,  and  in  some  cases  for  drawings  nf 
engines,  which  bavo  been  reduced  to  a  »raall  scale  tn  illuHrate  this 
work,  ho  has  to  return  his  most  giateful  thanks  to  many  oiigincen, 
shipbuildcnt,  innnulactareis,  and  men  of  science. 

Glasoow  UpriVBKSlTr,  SSd  SeptrmUr,  JSS9.  W.  J.  M.  R 


This  Fifth  Edition  has  beon  ciirefuUy  revised,  and  augmented  by 
iiifonimMun  relating  to  recent  discoveries  aud  iuvetitions. 


W.  J.  M.  R. 
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HISTORICAL  SKETCH. 


ncta-nao  cuvarvz  to 


THE   STEAM   ENGINE 


Kuion  are  wrongly  aocuseU  of  b&ving,  in  tbc  roost  anoient  tlmc^ 
haMniTcd  and  remembered  their  conquerors  and  tyranta  ouly,  anoj 
rflkaviiig  neglected  and  forgotten  thulr  benefactors,  tbo  inroniot^ 
oflbo  vaefol  orta.     On  the  contnuy,  the  want  of  authentic  ruconli 
of  those  bemefaotoni  of  nmnklnd  haa  ariaiju  trom  the  Mind  oxceaa  ol 
limiimtion,  vhich  led  the  hoathru  nations  of  remote  auti<iuity  t< 
mat  their  tniimnry  -vri'th  divine  hononrn,  so  that  their  real  biaxoi^ 
hM  be«u  lo!tt  amidM-  the  fal>Io«  of  Diytholog)*. 

During  a  period  less  remote,  bnt  still  ancient,  the  improrcn 
tbo  mechanical  arta  were  neglected  by  biograpbu'a  aud  lii^itoriaui 
from  a  taisxaken  prejnrlice  agaiiial  practice,  aa  being  inferior  i 
ii^iy  to  cx>nt«m{tlation;  and  even  in  the  case  of  men  such 
ArehTtAS  and  Arehimodes,  who  couibined  practical  skill  wi 
■aentific  koow-ledgi.',  the  records  of  their  labours  that  have  reached^ 
tar  times  givo  but  vugue  atui  impci-fcvt  Bccount«  of  thc-ir  mechauicatl 
isTBiticms,  which  an>  treatt'd  ah  mnttcni  of  triSing  itiijiortance  in" 
cooparuvn  with  their  pbilfsophicAl  b|K.-ciilationa.  Tho  same  preJ 
jodioe,  iinj^-ailing  with  incrcfl-ned  stit'pgth  during  the  middle  ages, 
a&d  Mdi-d  liy  the  pret^ileoce  of  the  belief  in  sorcer)',  renilfred  thff 
reoardx  <tt  the  pvogrras  of  practical  mecbauics,  until  about  the  end 
of  the  fiA<vuih  century,  almoet  a  blank.  ' 

Thoae  reranrks  apply,  with  peculiar  force,  to  tJje  hiatoiy  of  thosA 
•ttchinca  called  I'lujte  hovers,  by  whoso  aid  power  or  energy  i^ 
dojved  from  natural  eourcca,  and  mad«  to  perform  work  for  humaa 
pmrKMea.  It  would  be  vain  to  attempt  to  trace  tbc  history  of  th» 
appiokliou  of  muscular  power,  water  power,  or  wind  power,  to  th< 
niriiig  of  tnacbiu^ ry.  With  tho  exception  of  the  air  ongino  ana 
■t>mr>  other  heat  engiucs,  and  tho  electro-magnetic  engine,  whidK 

■  i  11  in  th('ir  ini'itucy,  the  steam  enoike  is  the  only  prime  move 
-  li  -'...  hwtory  is  known  with  any  certainty ;  and  oven  ita  origin  i| 
loM  in  anti<iui(y. 

T1-"  pubLiiibed  writing!!  on  Lh(>  history  of  the  steam  engine 

'  .  iiumcroua.     They  arc  tu  be  found  at  the  commencement  of  al] 
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the  Um  treatises  on  tbo  steam  engine,  such  as  Farev's,  Tmlgold^i, 
and  Mr.  Bonme'o; — and  of  ardclM  on  the  same  subject,  and  on 
Rtaam  navigation,  bj  Mr.  Scott  Bnaaell  The  most  complctu  cul- 
lectaon  of  accounts  of  various  inTrationa  is  Stuart'e  lliatory  of  An 
SiMfn  Engine;  a  book  now  very  scarce.  A  comtiletc  nul  exact 
hiitory  of  the  more  important  stepe  in  tho  pTogrcftii  ctf  tlio  eteam 
en^ne  dovn  to  the  time  of  Watt,  and  of  the  inventions  of  Watt 
trimiH'Tf,  i£  contained  in  Mr.  ^Inirh^nd's  ittrJmnicxU  InveatwtM  <^ 
Jamea  Watt^  and  Lij'i  o/Jaraes  Watt;  vorka  sjiecially  distingnial)^ 
by  tlie  fulluens  and  pnxtiiiou  vith  which  originui  documents  and 
autbohtiei;  for  facts  are  cited.  It  is  impossible  to  poraue  the  aanifl 
ooune  within  the  limite  of  tlie  present  eeeaj,  -which  ia  only  a 
brief  summaiy  of  the  leading  events  iu  the  history  uf  the  etoUn. 
Clique. 

The  earliest  nrrittcn  account  of  mechanism  in  which  heat  is  made 
to  perform  work  by  means  of  steam,  is  contained  in  the  Pnettmatiet 
i>f  Hero  of  Alujundria,  who  flourished  about  130  ilc.  That  author 
describes  a  rotatory  cngiue,  or  utcam  tiirbiuo,  driveu  by  the  reaction 
of  jets  of  steam  iwrning  from  orifices  in  revolring  arms,  and  also  an 
en^e  in  whicli  the  pressure  of  steam,  or  of  ht-atcd  air  and  vapour 
raixed^  is  made  to  raise  liquid  by  expelling  it  from  a  receiver.  An 
apparatus  similar  to  the  lost  is  descri)^^]!  by  Giu^^mni  Battista 
della  Porta,  in  his  Pttaunmlux,  published  in  1601,  with  this 
addition,  tliat  the  condensation  of  steam  wiihiu  a  close  reaael  m 
described  as  a  means  of  producing  a  vacuum,  aud  thereby  causing 
water  to  ascend  and  fill  the  vesspl.  A  Frtnch  engineer,  Solomon 
de  Cans,  in  a  work  entitled  Lev  liaisons  dc»  Forces  Mmntmta, 
published  iu  ICId,  descrihpd  a  machine  for  jnYipelling  a  jVt  of 
water  to  a  great  height  by  the  pressure  of  steam  e\'apomted  in  the 
same  vobmI  from  which  the  water  wus  ejected.  In  1(120,  Branca 
doacribod  an  engine,  in  which  a  wheel  waji  driven  round  by  the 
impulse  of  steam  against  vauea.  Tho  Mai-quis  of  Woreestcr,  in  hli 
work  aJlfd  A  Century  of  the  Names  and  Scantlings  of  InvtiUvtHt, 
&c,  iniblished  in  1G63,  described  a  machiuc  fur  raising  water  by 
Utio  pressure  of  steam.  ^  far  as  tho  description  is  intelligilde,  it 
appcara  that  this  machiuc  differed  from  tliat  of  De  Cans,  in  having 
a  separate  boiler  for  tho  protlucUon  of  Uio  steam  which  forced 
water  out  of  other  vessels;  and  it  appears  further,  from  tho  Diary 
of  Cosmo,  Grand  Diiko  of  Tuscany,  that  the  macluue  of  tho 
Marcpiis  of  Worcester  bad  been  ooustructed,  and  was  in  operation 
at  Viiuxhall,  in  1056.  It  is  probable,  tliat  in  the  time  of  tha 
Marquis  of  Worcester,  the  action  of  steam  in  exiting  a  great  pn»- 
snr(\  when  confined  fcithin  a  Umiicd  s]Niec,  and  the  possibility  of 
nusiug  water  to  a  height  by  means  of  it,  Imd  become  geueruUy  known 
to  persona  acquainted  with  mechanics,  and  that  the  original  yaix 
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his  taachsne  was  the  a^MnU«  hoiier,  wiUtoiil  whicb  it  wnnid 
b««u  pmctivally  usvIisrl     Abont  1697,  Savenr  invcuttHl  an 
le  in  vhich  wiiter  wm  not  only  (sa  in  that  uf  Wwcester)  forced 
re  the  Irrel  of  the  engine  h^  tJio  iirestnire  of  thf'  8t«aiu  from  a 
L-  boiler,  bat  ws«  also  niised  to  the  level  of  the  ti^ne,  froni , 
lei-el,  by  the  prt-sstuv  of  the  atmospbt-re,  Hft*r  the  cnndeu- 
'  the  st4«iu  in  the  watiu-  reooiver  by  means  of  oulil  wut 
~«pI>Uc<d.     Thin  engine  was  exteiuuvely  tued  for  drainingi 
ftU  the  inachinea  bithertit  dc^crilked,  the  etti.>»iii  either' 
by  iiH  monieiltum  akine,  or  by  f>ret»iiig  directly  on  the  surfaoa 
The  first  invention  of  Uie  impoi'tant  idea  of  inftkiog 
afford   the  means  of  driving  a  jn»Unty  which  Khuuhl  cutin- 
motion  to  merhaniEm,  appears  to  be  due  to  Denis  Papin, 
I,  about  the  year  IGWO,  toiiatnictc-d  a  working  model,  cousi»ting.| 
a  vertical  eflinder  with  a  pi>iton.     In  the  lower  part  of  tlio 
cylinder  w«»  p£u9f>d  a  amall  quantity  of  water.     On  plaeiujc:  a  fire 
uder  tlw  cylinder,  the  water  evA}<omtud  ami  llfled  the  piston;  on^ 
nBovtug  the  fire  from  the  cylinder,  or  the  cylinder  from  the  fire,. 
Ilw  atouu  waa  cundeuseil,  and  the  piston  forct-d  down  by  the  pr«e> 
nuv  of  the  atnioBpherc.     Papin   jiropoaed  that  engines   on   this 
imneiph*  nbonld  \m--  made  to  work  puiojn,  and  also,  by  meona  of 
nek  and  piuiuo  work,  and  ntchet  wheebt,  to  drive  paddle  whi-ela  of 
MWla,  and  other  revolving  meehanism.     Papin   had,  alfout  ten 
fmn  before,  invented  the  aaUety  valve  for  boilers.     In  1705,  New* 
eatDtait  Sftvery,  and  Cawtey  eonibine<^l  the  cylinder  and  pi-tton  with 
1^  aepAiate  Iwiler,  and  vith  surface  condenaitiou,  and  |>roduL'ed 
Ac  well  known  atnioepheric  engine  for  pumping  mines.      They 
iftrrwrnrda  rvndered  the  condeoaation  more  mpid  and  complete  by 
iaJtCltBg  a  ahower  of  cold  wnter  Into  t)ie  interior  of  the  cylinder. 
AfipAimtus  for  enabling  the  engine  to  o^Kin  and  shut  its  own  valvce 
«M  tatroduced  by  iluinphry  Potter,  and  improved  1^  Heighten. 
Hm  high    pneMRure   engine   was  invente^l  in   1725,  by  Leupohl. 
.^Dttt    1770,  the  detaiU  of  the  atmonpheric  engine  were  mnch 
iw^BOitd  by  Smeattiu,  until  it  liecame,  considering  the  general 
mditiiiu  uf  pmcticnl  tneclianica  at  the  time,  a  very  |)erf«ot  toaohina 
ift  worfcmansliip  and  mecbaniBm. 

Tig.  I.  ahowfi  a  ve-rticul  section  of  tlie  principal  puts  of  Savery's 
«B^ae  :^-<i,  receiver,  in  which  tlie  ateam  prcxses  on  the  anrfaco  of 
fke  water;  6,  asoendiitg  pi|>e;  o  d^  olacks  opening  npwardu;  /, 
Mcr;  gi  steam  pipe  titHu  boiler  to  receiver;  X,  cock,  to  open  and 
dm  it;  iib,Hae«;  <m,  gauge  cocks  to  aaoertain  the  watt:r  levd  ;1 
«,  afoty  Taire  (it  la  doubtful,  howe\-cr,  whether  Bavery  naed  the 
afof  valve);  o,  cimdeiuring  cook,  to  let  a  atream  of  cold  water  full 
on  the  receiver,  and  itmilunse  the  Htcam.  The  engine  waa  worked 
.,17  opmiug  and  clo«iiig  the  aick.o  h  and  o  aJteroately.     On  o^dUIlg 
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h,  •tc*iD  from  the  boUer  Turcxtd  the  water  from  tbe  reodver  i 
tlinni^  tlie  pipe  bi  on  closing  A  utd  c^pecing  o,  iixe  itewn 
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mndenied,  and  the  pressure  of  the  atxnosphere  foii^u   ^.iU-r  up 
Uiroiigb  the  clock  (^  so  as  to  fiU  Ihe  reoeiver  agaiiu 

Two  improTcmeDts  made  by  Savery  on  hia  engine  are  not 
abown  in  the  fignre:  a  aeoond  reoeiTer,  similar  to  a.  and  standing 
alongside  of  it,  to  be  filled  and  emptied  alternately  vith  a.  ho  as  to 
koTji  up  a  continuous  stream  of  water;  and  an  auxiliary  boilo-,  or 
heating  renel,  in  which  water  was  heated  before  being  supplied  to 
tbe  pniidpal  boiler/,  and  from  which  the  wator  was  forced  into/ 
by  the  preasnre  of  steam  when  required. 

Fig.  UL  in  Neweomen'a  atnimptu-ric  engine  in  it»i  earliest  fornu 
a,  beam  or  lever;  h,  boiler;  <,  Itn'er  «*&!!;  d,  pomp  rod  chain; 
pomp  rod;  /,  furnace;  g  g,  oonntt-rpoise ;  h,  cyliuder;  p,  steaai; 
pipe;  u,  steam  cock;  /,  tank  for  cundeiisation  water;  m,  itn  suppl; 
|>)|M>.  OfHuing  from   the  pump  in  the  jut;    n,  condeusatlon 
pipi-;  n,  cock;  q,  diacbai;(»c  pijjo  for  water  fiom  cylinder,  1 
dowuwardti  to  a  |Hjint  thirty-four  feet  below  it  (belug  one 
sphere  of  water);  «,  piston  rod;  x,  ptstou  rod  chain;  y  a, 
OD  ends  of  beam. 

VoT  an  example  of  the  atmusplivric  engine  in  its  most  perf< 


tioBieBaiitinffexKnipIesiMidiiCDiiaBqiicsid/Biiuted  in  tlie  range 

Mntifio  p^gK^  in  the  me^iaaicml  mrts  takes  place,  not  eon- 

CiiiiKmBljr,  but  at  int«r- 
Tala,  ol^ben  distant,  and 
hj  great  efforts.  ^Vllen 
the  Ksalts  of  experience 
and  oboerration  on  the 
properties  of  the  ma- 
teriali  which  are  nsed, 
and  OD  the  Uwb  of  the 
actions  vhich  Uike  place, 
in  a  class  of  machines, 
have  been  redoced  to  a 
acimoe,  then  the  im- 
provemeDt  of  such  mar 
chines  is  no  longer  oon- 
tinvd  to  anieDihnentii  or 
enlargements  in  det&il  of 
previoosly  existing  ex- 
amples ;  bitt  from  the 
principle*  of  science  prac- 
tical rules  are  deduced, 
ehuwinj;  notonljliow  to 
bring  the  machine  to  the 
cuuditioQ  of  greateet  effi- 
ciency coosi^tcDt  with 
the   BvailnlJe    uiatenAls 


ng.  Ill — Leapold'i  Eagtn*. 


and  workmAnship,  but  also  how  to  adapt  it  to  any  combiuation  of 
vircunistanoos,  how  different  soever  from  tliose  which  have  pre- 
viously  occnrrefl.  AVhen  a  great  advance  has  thus  been  made  by 
ecieutiBc  pr(>gres^  ein|iiri(iil  progress  again  comes  into  i>li«y,  to 
perfect  the  re)>ulti«  in  their  details. 

Up  to  the  period  when  Smcnton  pcrfect<!d  the  atmodpheric 
engine,  the  pmgresB  of  the  "  fire  engine,"  as  the  steam  ciigitip  was 
then  called,  had  been  merely  cniptrtcal;  and  in  everyUiing  that 
depended  on  principle,  the  steam  engine  of  that  period  wa8  a  most 
rude,  waateJiil,  and  inefficient  machine.  Then  came  the  time 
when  acienoe  was  to  effect  more  in  a  few  years  than  mare  em- 
mrical  progreBS  hnd  done  in  nioeteen  centuries.  In  175!*,  Jnmes 
Watt  had  his  attention  directed  by  Hobison  to  the  subject  of  the 
fil«un  engine,  and  for  a  few  years  nftem-ards  msde  various  exiwri- 
mcnts  on  the  pn)[icrties  of  steam.  In  1763  and  1764,  Watt,  while 
ragnged  in  tlie  iTpHir  of  a  nnull  model  of  Newcomeu's  engine 
0)doDgiiig  to  the  University  of  Glasgow,  and  slnoe  presfrred  by 


xxn 


HIBTOniCAt  SKintlH. 


cniises.  Watt  not  to  work  scientifically  from  the  fiRt  He  Rtndied 
the  lawn  of  tiiu  pruasurc  of  elastic  fluida,  and  of  the  eraporating 
antioD  of  heat,  so  far  an  they  were  known  in  hia  time;  he  aacer- 
tained  m  acctimtuly  aa  he  could,  with  the  luuaus  of  experimc-utin^ 
at  his  dispOHii.1,  thfi  oipondituro  of  fuel  in  evaporating  a  given 
quantity  of  waUx,  aucl  the  n'lations  betwecu  the  te[u|M:*rature, 
pressure,  and  vohnnfl  of  tho  st^^am.  Tlien  reMoning  from  the  dai& 
which  he  had  thus  obtained,  he  framed  a  body  of  principles  exptxsa- 
sing  the  oonHitions  oftho  efficiout  and  economic  working  of  tho 
ateun  engiuc,  whieh  aro  onibodied  in  an  iuveutton  described  by 
himself  In  the  following  words,  in  tho  Epecitication  of  his  patent  of 
17fi9:— 

"  My  method  of  lessening  the  consumption  of  8t«am,  and  consu- 
quenily  fuel,  in  fire  engines,  connsts  of  tho  toUowing  principleB : — 

**/'ir(rf,  That  vessel  in  wliich  tho  powers  of  Btc«m  are  to  be 
employed  to  work  the  engine,  which  ia  called  tho  cylinder  in  com- 
mon 6rc  engines,  and  which  I  cnll  the  stoom  vessel,  musty  during 
the  wliole  time  the  engine  is  at  work,  be  kept  as  hot  as  the  steam 
that  ciili'i-s  it ;  first,  by  inclosing  it  in  a  case  of  wood,  or  any  other 
materiahi  that  tran.suiit  heat  slowly;  secondly,  by  surrounding 
it  with  steo.m  or  other  heated  bodies;  and  thirdly,  by  sufl'cring 
neither  water  nor  any  other  substance  colder  than  the  steam,  to 
enter  or  touch  it  during  that  time. 

"  Sdeondlt/,  In  engines  that  are  to  be  worked  wholly  or  partially 
by  ecrndensatinn  of  steam,  the  steam  is  to  be  condensed  in  vemels 
<Ustiiict  front  the  steam  vessels  or  cylinders,  although  occasionally 
eommunicatiug  with  them;  thefie  vessels  I  call  condensei-s;  and, 
whilst  the  engines  are  working,  theae  onudensers  ought  at  least  to 
he  kept  as  cold  as  the  air  in  the  neighbourhood  of  the  engines,  hj 
a[i]Mi--Htion  of  water,  or  other  oold  bodies. 

"  2'hirdly,  Whatever  air  or  other  flastic  vapour  is  not  condensed 
by  the  cold  of  the  cunduuscr,  and  may  im[)ede  tho  working  of  the 
engine,  is  to  bo  drawn  out  of  the  Rteam  vessels  or  condensers  by 
means  of  pumps,  wrought  by  the  engines  themstdvcs,  or  otherwise. 

"  Fourt/Utf,  I  intend,  in  many  ca>iea,  to  employ  the  exjJonsiTe 
force  of  steam  to  presH  on  the  pistoiia,  or  wliatever  may  be  used 
instead  of  them,  in  the  »»me  manner  in  which  tlie  pressure  of  1 
atmosiihere  is  now  eniplrjyed  in  common  fire  engines.  In  _^ 
where  ctdd  water  cannot  be  had  in  plenty,  the  engines  may  bo 
wrought  by  this  force  of  stenni  unly,  by  discharging  the  steam  into 
the  air  after  it  haa  done  it*  office. 

"Last/}/,  Instejul  of  using  water  to  render  the  pistons  and  other 
pArts  of  the  engines  air  and  steam  tight,  I  employ  oils,  wax, 
resinous  bodies,  fat  of  animaltj^  quicksilver,  and  other  metals  in 
thcii-  fluid  state." 
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of  SavcTy's  steam  engiuo,  already  mentioned;  and  also  that  PapJn 
bimsclf,  in  1707,  made  either  a  vessel  or  a  model  of  a  vessel  (it  u 
not  clear  wluch)  on  a  similar  plan,  with  which  be  woa  on  his  waj 
br  the  Fulda  and  Weeer  to  England,  when  it  vaa  taken  from  him 
and  (Jestroycd  by  boatmen. 

In  1 736,  Jonathan  Hulls  pateiite<l  a  steam  Teasel  in  which  paddli) 
wheels  were  driven  by  ratchet  work,  acte<l  upon  by  chains  or  ropei 
attached  to  the  pistons  of  atmospheric  c)*lindenL 

In  1752,  Daniel  Itcmouilli  invented  a  form  of  acrew  propeller, 
which  he  proposed  to  dtive  by  a  steam  engine. 

In  1781  and  1783,  the  Martpus  de  Jouffroy  executed  and  nxed 
upon  tiui  HtioDO  two  steam  vessels  of  considi^rable  size — in  the  fint 
of  wliich  pa<ltUe  wheels  wei-e  driven  by  chains,  and  in  the  necrmd 
by  rack  work.  They  are  said  to  have  realiaMl  a  cousidemble 
Rpeed. 

The  early  attempts  at  sti^m  navigation  mule  in  France  by  the 
Harqnis  do  Joufiroy  in  17^1  and  17S3,  in  America  by  Kumsey 
and  Fitch  aljout  1783  and  17tf4,  and  in  Sw>rlftud  in  I7d8  and 
17S9,  by  Miller  of  Dalswinton,  Taylor,  and  Symington,  appear 
to  liave  faik'd  chiefly  Ixcaum  of  the  inijierfecb  nature  of  the 
means  emjiUtyed  for  the  transmission  of  motion  from  the  piittoD  to 
thy  pnjp»'llcr.  In  fact,  Watt's  invention  of  the  mtative  engine-j 
which  effects  tliat  transmission  smoothly  and  without  shocks,  was 
an  imliDpciiHalih-  ste[j  tou'ardn  the  surcewt  of  Rteam  navigation. 
S}*mington,  iB.»rtructed  by  the  prtvloub  failure  of  his  engine  in  Mil- 
li'r's  boat,  afvailed  hiniBelf  of  that  invention,  when  he  built  far  Lord 
Dundas,  iu  1801,  the  ''Charlotte  Dtmdaa,"  which  was  Jiaod  in  IS03 
on  tlio  Forth  and  Clyde  Canal,  with  complete  suocen  as  a  tog,  but 
abandoned  owing  to  an  nppi-ehcnsion  un  the  part  of  the  directors  of 
injury  to  the  Ijanks.     The  "  Cliftilatte  Dundas"  (fig.  V.)  luul  one 


£;^h 


f\g.  ▼.— TIm  "OMrlotte  Duoitu,"  1S0I-2: 
padiUc  wheel  near  the  stem,  driven  by  a  direct  acting  horizontd 
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patent*^  a  locomotive  pngine,  ■which,  however,  he  nerar  exeooM. 
Alwat  tlio  saiim  timo  Murdoch,  assibtaat  to  Wutt,  made  a  vny 


Fig.  VII.— KDgJneoflii?"C(>ii»!t,"  lfilI.12. 

efficient  working  modol  of  a  locomotive  engine.  In  1802,  Tronthick 
and  Vivian  ynitcuWl  a  locoinaUvo  engine,  which  was  conKtnicted 
and  BPt  to  work  in  1804  or  1^05.  It  travelled  at  about  five  inilw 
an  hour,  with  a  net  load  of  ton  tons.  TliG  use  of  £xcd  ifteam 
engines  to  drag  ti-ains  on  i-ailways  by  ropM,  was  inti-oduc«d  hj  Cook 
in  J808. 

Aftor  various  inventorfl  had  long  exerts  their  ingenuity  in 
vain  to  p.\e  thi:  lucoiuotivc  vu^ine  a  firm  hold  of  the  track  hj 
means  of  nickwork -rails,  and  toothed  driWug  wh«>ls,  legs,  and 
fcot,  and  other  coutrtvuuoes,  Blackett  uiid  Hedley,  in  1813,  made 
the  important  discovery  that  no  such  aids  are  miuin-d,  the 
adhesion  between  smooth  wheels  and  umootii  rails  heiii^  mifBcicnt 
To  adapt  the  locomotivo  engine  to  the  groat  and  widely  varied 
apucdij  lit  which  it  now  haii  to  truvol,  aud  the  vaned  loadit  which 
it  now  has  to  draw,  two  thinga  are  eaiKintial — that  the  rate  of 
combustion  of  the  fuel,  tho  original  eooroe  of  the  power  of  the 
engine,  fihall  adjust  itaell'  to  the  work  which  the  engine  has  to 


&1B,  AD^  fluiil,  'wben  niinired,  ha  capUe  of  hcing  inoreved  to 

If  time*  Um;  mto  At  wLJcL  fuel  in  burued  in  tht-  furnace  of  a 

leauy  engine  of  the  eame  ei»*;  and  that  the  siirtuci!  ihrouffh 

lint  is  cumtnunicat^^d  from  tlit*  liuruiuf;  ioel  to  Uio  wat«r 

|b?nT  large  tx>tn]nTvcl  with  the  bulk  of  the  boiler.     Thi-  iiret 

—  ■ '     rta  ia  ikttaiaed  by  the  Ututt-pipt,  iuveattid  and  iised  by 

•  'OAozi  before  l^^:!5;  the  second,  by  the  tubidar  boilor. 

iBMB'-Jut  1829.  siraultwieoosly  bySfgiiin  in  FrniiL-e  ajid  Booth 

Paid,  and  by  tho  latter  niggested  to  tStephenson.     Ou  the  ^th 

'"':"''.    occunv<l    that  iiiraoiis  triAl  of  loiToniutive  engines, 

■  offt-riKl    by  the  directors  of  thu  Livotihm.I  and  Man- 

f  ILLiivray  -WHS  gaiiicd  by  Stephenson's  ciigiiie.  the  •'  Rocket," 

W»*  of  <h«  s^vift  and  powerfol  locomotixva  id"  the  present  day, 

hIaKt-pii»e   and    tubular  Uider  are  coiubim'd.     (Fig. 

tiiAt  tixuti  tlie  locoraotiTB  engine  has  been  nuietl  ami 


Fis-  Vin.— The  "Rocket,"  1825. 

pAnd  in  -vmrionB  detaila,  and  by  various  engineem     Its  weight 
» langea  fnum  five  tonR  to  Mxty  tons ;  it«  load  frum  6^y  to  five 
idrad  t<ra«;  ita  imeed  from  ten  wiles  to  taxty  niib's  an  hoar. 
TBtm  fttdnction  oi  the  laws  which  connect  heat  with  mecbanicid 
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to  a  phjsio)  theoiy,  or  oonnectwl  system  of  principl 
tbe  Mience  of  Th«rmo<lytiamk»r  is  of  reoeni  date,  and, 
HUty  nspeot^  may  be  oonsidered  to  be  still  Id  progreas.  The  stc 
ia  nuaning,  aud  in  experimental  knowledge,  which  have  gradual 
lad  to  tbe  fomuition  of  that  system  of  |)rii)ci|iluai,  are  difficult 
tmco,  and  more  difGouIt  to  separate  from  tlie  history  of  the  ti 
kinds  of  mechanical  hypotheses  which  have  been  propost'd  as  mm 
of  deducing  the  lawn  of  beat  from  those  of  motion  and  fora 
for  one  of  those  hypotheses — that  which  suppost»  tbu  pheuomena 
heat  to  be  caased  by  the  presence,  in  greater  or  le«s  quantity,  oi 
BttlwtHQce  called  "caloric" — has  been  the  chief  im]>«diment  to  I 
progress  of  tho  accurato  knowledge  of  the  laws  uf  the  rulatia 
between  hefit  and  motive  power;  while  the  other  hypithesis,  whii 
supposes  the  phi'nomena  of  heat  to  be  caused  by  molecular  vibi 
tiOAi  and  revolutinn-s  han  lieen  the  meann,  in  some  instanoes, 
auticijW'tinj;  Iiiwh,  and  predicting  uumt'rical  nstulU,  whicli' htf 
since  been  coiihrmcd  by  cx[)crimont,  and  in  oth^s,  of  suggostii 
experimeuts  whereby  im]Kirtmit  laws  have  been  discovered. 

In  tbe  stage  which  our  knowledge  ha^  now  attained,  it  is  possilj 
to  express  the  laws  of  thermodynamics  in  the  form  of  iudoyienda 
principles,  deduced  by  induction,  frcim  the  facta  of  observation  ai 
experiment,  without  reference  to  any  hy|N>thosia  as  to  the  ooo* 
molecular  oporalious  with  which  tho  sensible  phenomena  may 
conceived  to  be  connected;  and  that  course  will  be  followed 
the  body  of  tho  present  treatise.  But,  in  gi\'ing  a  brief  biatoria 
sketch  of  tho  progress  of  thermodynamics,  tho  progress  of  l| 
hypothesis  of  thcruiic  molecular  motions  cannot  be  wholly  aepaiatj 
nwn  that  of  the  purely  inductive  theory.  j 

Tbe  Aristotelian  hot  element,  as  well  as  tbe  other  «tsix^ 
ftppeara,  so  far  as  we  can  judge,  to  have  bceu  understood  \ 
Aristotle  himself,  not  as  a  »ul»tancgj  but  as  one  of  the  itatat  t 
which  substances  are  stisoeptible.  } 

In  the  tehoUutic  sense  of  the  term  "  ElentaiUum  Tgni*,"  viz.,  ti 
supposed  substance,  afterwards  called  "  plU<^i8tou"  and  **  calorif 
Oallleo  disputes  the  rval  existence  of  anything  oorreeponding  to  i 
Mud  Baoon  deolareK  it  to  be  one  of  those  *'  vioffitna  mhwrum'''  wbi| 
ikxvt  amongst "  Idvlafori  moUtliaaimiL"  The  hypothesis  of  molecul 
tuotii'UA  was  uuiiiitained  by  Galileo,  Baoou,  Boyle,  Daniel  Iternoul 
aud  Newton,  anil  at  a  later  period  by  Rumford,  Davy,  Leslie,  Mos 
golficr,  8<^uin,  Voung,  and  Grove.  Uumford  and  Davy  snpporb 
it  by  most  renuirkablc  ex[>enment({  on  tbe  production  of  heati 
friction — a  pheiiomenau  which  is  the  key  to  the  whole  scienoei 
felMnnDdynamics:  Davy  and  S^gnin  endeavoured  to  put  the  mecliai 
flal  hypothesis  into  a  definite  form :  Young,  in  his  lecturos,  statij 
iho  whole  questiou  in  the  clear  and  forcible  manner  peculiar  to  hii 
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equal  to  tl»e  amount  of  h»^l  H,.  whicli  formerly  diaappeared. 
was  uuJeiTttood  from  th«  time  of  tlio  Hr«t  dwcovery  of  lat<-nt 
and  so  far  there  la  no  follucy,  hui  au  iuipurtuiit  h'Uth.     Uut  it 
further  assumed,  that  heat  has  a  siibstautial  existence,  and 
couBcquentlj,  H(,  -  Hi,  under  all  circumatiuices,  even  although 
prooeaseB  (A,  B)  and  (B,  A)  should  differ  In  their  intermt  " 
steiM.     Tkis  iiaKuin}>tiuu  Icadti  to  the  followmi;  paradoxical  if 
vhich  shown  it  to  ba  fallacious.     It  ih  known  tliat  the  proe 
(6,  A)  may  ho  made  to  dillcr  from  (A,  B),  in  its  intermediate  si 
iu  sudi  u  manner  tliat  a  pL-nnan(mt  mechanical  efiect  lihall  be 
duct-d  by  the  combined  prouesisea     Now,  If  under  such  circui 
stances  H^,  is  assumw.1  lo  Iw  still  =  H„  It  follows,  that  by  emploj 
the  mRclianirml  effect  of  the  combined  proci^saoa  in  developing 
htf/rictiou,  we  may  ina-efUK  (Jte  aravufU  qfhoat  m  tA«  uniMTM^ 
cfMie  cal*iric; — a  consequence  opjiosod  to  the  original  aasnmpt 
of  the  subbtantJality  of  oUoric,  and  proving  that  aasumptton  to 
«elf-oontrud  ictorj'. 

'Diiit  fallncious  assumption  unfortnnateiy  pervaded  the  reaaonii 
of  Caruot  (son  of  the  great  Carnot),  in  his  H'^ezioRM  sur  ia  Pu\ 

iftos  Motriee  du.  Fmi  (Paris,  1824)— a  work  which,  notwithstanc 
ing  this  lallacy,  contains  the  first  discovery  of  an  impui-taut  law  :• 
CAot  the  ratio  oftfte  grtaUnt  poiaihle  \n>rk  perfornvd  by  a  Kent 
to  the  whole  hoal  expauled,  ig  a/unctttm  ofihe  tivo  limite  qftemj. 
lun  between  whirh  the  engine  toorlu,  and  not  o/the  nature  o/th^ 
subetanxteemfjloj/wL — {Thomwn's  Account  qfCctmofe  Theortf,  Edit 
TVoiur.,  1849,  Vol.  xvi.) — The  falUcy  referred  to  prevented  Cam( 
Awn  discDvcriug  what  umt  function  of  llic  limits  of  temperature  ii 

The  phenomenon  of  the  devolnpment  of  lunit  by  the  Iriction  of  i 
fluid  possesses  [leciiliar  advantages  as  a  means  of  ascei'Uuning  " 
"^lations  between  heat  and  lueclumical  power,  owing  to  the 

S'  uf  the  action  which  takes  place ;  for  at  the  end  of  the  pt 
oid  is  left  exactly  in   the  same  condition  as  it  was  at  tl 

ning;  so  that  the  evulntion  of  a  certain  amount  of  heat  is 
effect  producwi;  and  this  being  corapare<i  with  the  mechanic 
fowrr  exiR>uded  in  a^tatiug  the  fluid,  exhibits  in  the  most  simple,^ 
Wivi,  accurate,  and  satisfactory  manner  possible,  the  relation 
tsasven  heat  and  mechanical  power.  The  idea  of  subjecting  this 
lenou  to  expnri mental  meaauroment  appears  to  liave  been 
pot  in  pi-actice  indt-pentleutly  by  M.  Mayer  in  1842,  and  Mr. 
b  in  lty43.  The  numerical  result*  at  first  obtained  wore,  as 
kiA  fa»  expected  in  a  new  kiud  of  experiment,  somewhat  rough 
■  aexact ;  but,  by  long  peraevenince,  Mr.  Jovde  iucreased  tJ^e 
of  his  methods  of  cxiJeriaieuting,  until  he  succeeded  in 
by  cxjwrimenta  on  the  trictiou  of  wntrr,  oil,  mei-cury, 
r  substances,  to  the  uccui-acy  of  nj  of  its  amount,  if 
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styled  a  new  acipnce.  His  papers  have  appeared  in  the  TranMty 
tiMu  of  iAe£<fyalSooi«ti/o/ Edinburgh  for  1851,  auil  tiuWuqueutly  in 
the  I'hiloaophical  Mag^Kine  aince  1^51,  and  the  PAt/o^/Viico/  'fratw 
aation*  since  1851.  Numeriuul  dat«,  without  wliich  the  theoretical 
roBearches  beibra  referred  to  would  have  lieon  fniitlesa,  were  fur* 
ni&hed  by  the  experiiueuts  uf  Buluui;,  and  M3L  BruvaiH,  Martins, 
Moll,  Van  Beek,  and  others,  on  the  velocity  of  aonnd ;  by  tboee  off 
M.  RuJlwni.  on  the  expauaion  of  gaaes;  by  the  experimeuts,  almoat 
unpantlhled  for  extent  and  precision,  of  M.  R^'gnaiilt.  on  the  proper- 
ties of  gaaes  and  vapours,  made  at  the  expense  of  the  French  tiovem- 
ment,  and  piibjiflhed  in  tlie  Proceedingt  and  M«moiT9  o/tke  Academy 
(ffSeiMcat  from  1847  to  18^4;  and  l>y  the  joint  exporimenta  ^ 
Ibsan.  Joule  and  Thomsou.  on  the  thcriuic  eflM'ta  of  eurreuta  of 
elastio  fluids,  made  at  the  expense  of  the  Royal  Society,  and  imb- 
lished  in  the  PKiioaophicat  Tranaactiotu  for  \i*5i.  Amongsc  later 
cxpcrinifuta]  it* seui-cbea  may  be  ti|K,-cially  mentioned  those  of  Mcsn. 
Fairliairn  uud  Tate  on  the  dcniiity  of  nteam,  and  those  of  M.  0.  A. 
Hint  ou  vapours,  and  on  the  disapiieunuice  of  beat  in  ateam  enmnak 
HvPOTHKsiB  OF  MoLECiJLAR  VoRTtcEs. — In  thermodyaamics  as 
w^  as  in  other  branchoa  of  molecidnr  ph^-Hir-^,  tlie  laws  of  phenomena 
hatvto  a  certain  extent  been  auticijuti-d,  nnd  their  investigation 
fiwilitated,  by  the  uid  of  hypothases  a>i  to  occult  molecular  atrao- 
tatw  Mid  niotinns  with  which  such  pheuonioiui  are  ai^Humed  to  be 
(OBHWled.  The  hypotheaia  wliioh  hatu  answered  that  pnrpone  in  IHhb 
^m  t>r  thwmodvnamics,  ia  called  tbut  of  "  molecular  vortices,"  or 
t^^gtmrwo,  the  "  centrifugal  theory  of  thutticity.*'  (On  thin  subject, 
m»  tW  Kdinburgh  /'/ti/oifjphictU  Jountal,  1849;  Edinburgh  Tran9- 
vxA.  XX. ;  and  PhUoaoffhical  Magatine,  pasmm,  especially  for 
ibcr,  1^1,  and  NovemWr  and  Decemlier,  1855.) 
BOS  or  E^'uiuiETics. — Although  the  mechanical  hypotheaia 
ktioncd  way  be  useful  and  iutci'estiug  aa  u  means  of  autici- 
^  Uwa,  and  connecting  the  Bcimce  of  thcrrondynamir^  with 
4^  iHnlinary  meclianics,  still  it  ia  to  bo  remeuibcix'd  that  the  ' 
■M  v^  ihermodynamics  is  by  no  means  dependent  for  its  cer- 
Ui  'm  that  or  uuy  other  hypothesis,  having  been  now  i-eduood  ' 
j,i»im  vt  principles,  or  general  facts,  expreasing  strictly  the 
Ik  .  ■■  liiiR'iit  as  Ut  the  relations  between  heat  and  motive 
^  point  of  view  the  Uwa  of  tbermodynaniics  uiay  be  , 

t.  :  u  iilur  cases  of  more  general  laws,  applicable  to  all ! 

y  iiiitr'r  aa  constitute  Energy,  or  the  capacity  to  per- 1 

^  v^kM,  «wM.*h  more  goucnil  htwn  fomi  tlie  basis  of  the  Bcieuce  \ 
^P^hm^  -«  irii>nce  comprehending,  aa  special  binnches,  tlm 
H^Mi^'ki)  yhyaii'al  phenomena.* 

^^     ._..  ^'  tkf  PkUoeop^cal  JHocicty  nf  Okugov,  1853  j  SdMburgh 
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OF   MACHIKES   U(   GEXEBAL. 


Srcnojf  l.—O/RffiOanoeand  Work 

1.  The  AeiiMt  wT  ■  n«cUaa  jfl  to  produce  Motion  agunsi  Rerisfe* 
anoe.  For  example,  if  tLe  martiine  i«  one  for  lifting  lolid  Imdiea, 
mcfa  aa  a  crane,  or  duid  bodies,  sucli  as  a  pump,  its  action  is  to 
produce  upward  motiou  of  the  lifted  bodj  against  the  renstanoo 
arising  from  graint^ ;  that  ia,  agitiost  ita  own  weighl :  if  ttm 
toscliinc  is  ooe  for  pmpuLsion,  sm'b  as  a  locomoUm  engine,  ita 
acticiD  in  to  pixKluce  barizoittAl  or  inclined  motiun  of  a  load  againit 
tlM*  n;fitstau(>e  ariHing  frum  frictit^n,  or  from  friction  and  gnvibf 
combined :  if  it  ia  one  for  slujuni;  materials,  sach  as  a  planing 
tnackino,  tla  action  is  to  produce  relative  dioUod  of  the  tool  and  of 
the  piece  of  niatcria]  ahapcd  bj  it,  against  the  resistance  which  that 
material  ofTers  to  baling  part  of  its  surface  reoMved ;  and  so  of 
other  iiiachinc& 

3L  W««fc.  {A.  if.,  513,) — ^Tbe  action  of  a  machine  is  measured,  or 
■  ■|iHiM  il  AS  a  ddinit«  quantity,  by  multiplying  the  motion  which 
it  prodneee  into  tlie  renstoucc,  or  force  directly  opposed  to  that 
motioa,  which  it  oi-crcomtia ;  tho  product  resulting  from  that 
niultiplicati<^-u  buiug  called  wore. 

lb  llriiaiii,  the  distances  moT»l  through  bj  picees  of  mechanism 
an  umally  expressed  tn  feet;  tlic  retuHtunotv  overcome,  iu  pounds 
avoirdupoiii;  und  qiiantitiiMt  of  work,  found  by  multiplyii^  dis- 
tancc-'-t  in  fci't  by  retiisUuic*^'!!  in  puuudM,  are  said  to  cuuslst  of  so 
Di  .'Mrtrf*     Tbiii  the  work  duuo  in  lifting  a  wright  of  one 

p'L  'Li«h  a  height  of  ono  foot,  is  one  joot-pound;  the  work 

dnmj  ID  iiiuTig  a  weight  of  tWL-ntr  pounds,  through  a  height  of  ono 
htmdred  fwt,  ia  20  x  ItlO  =  2,0tJ0  foot-pouuds. 

Iti  Fmm^,  diatanctfs  niv  expreawd  in  mi^tr^e,  resiBtanoeeflTertoiDe 
in  kiiof^mmmea,  aud  quantitiea  of  work  in  what  are  called  iiio- 
fffommiitfrji,  out  kilograiumtitrp  being  the  work  jwrformed  in  lifting 
a  wcrij^t  of  one  kiJugnuuni«  through  a  height  of  one  mdtre. 

Tlie  following  ar*  thp  pntjiortiona  amongst  those  units  of  distance, 
iwutauco,  and  work,  with  their  logatithma  ;— 
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One  mfttre 

One  foot 

One  kilogramme 

One  lb.  avoirdupois 

One  kiIogranjrni>ti-e 

One  foot-pound 


=  33808693  feet, 05159^9 

=  0*30479721  mfitres, i'4840ii 

=s  2-20463  Ihs.  ftvoirdnpoJB, 0'343334 

^  t>-453593  kilograniiuc, i'656666 

=  723308  fortt-poimdjt, 0'8593a3 

=  0-138354  kilogruiumiStrca, 1-140677 


3.  TIte  Rmiv  or  WmCi  of  a  machine  mcana,  the  quantity  of  worl 
wliich  it  jK-rfomix  in  »(ime  f^lven  iiiCorval  uf  tttno,  such  a^  a  second 
a  iuinut4>,  or  an  hour  (A.  M.,  liGI).  It  may  be  expressed  in  uni' 
of  work  (Huch  as  fi^ot-i>i>uiidH)  [m-t  HLtx>ucl,  per  minutti,  or  per  liour, 
as  the  case  may  be;  but  thi>re  i^a  [lecuUur  unit  of  [lower  appro- 
priated to  its  cjcpresaion,  called  a  iioRSE-rawEB,  which  is,  iu  firitaioj 

550  foot-poimrfs  per  neoond, 
or  33,000  fiwt-pouuds  ]Kr  minute, 
or  1,980,000  foot-pounds  per  hoar. 

This  is  also  called  an  actual  or  rttU  horne-pownr,  to  distinguisli  it 
fi-Din  a  iwmiTtai  home-power,  the  meaning  of  which  will  afU-rwarda 
be  explnined.  It  is  greater  than  the  performance  of  any  ordinary 
honw,  its  DBjne  having  a  conventioual  vidue  attacked  t^i  it 

In  Franco,  the  term  force  vb  cueval,  or  cuEVAi>VAPKim,  is 
applied  to  the  following  rutu  of  work  : — 


75  kilogrammfttres  per  second 
or  4,500  kilog:irLniinito-9  per  minut« 
or  370,000  kilugnuiunt-ti-cs  per  hour 


3»o49 


being  abont  one-se\-entieth  port  leas  than  the  British  lior»c-powcr. 

4.  TriocliT' — If  the  veiocki/  o/tie  motion  wliiclt  a  machine  causes 
to  be  performed  ngninst  a  given  resistance  bu  given,  then  the  pro- 
duct of  thiit  velocity  into  the  refdstanoe  obviously  gives  tlie  ratft  of  j 
work,  or  eflectivo  power.    If  tho  velocitv  is  jrivcn  in  feet  per  docond.  j 
and  the  n'sisUtiice  lu  ponnfla,  then  their  pri)(Iiict  is  the  rate  of  work  [ 
in  fooUpouudx  per  second,  and  bo  of  minutes,  or  hours,  or  othfir 
unite  of  iiiue.  ' 

It  is  usunlly  most  convenient,  for  pnrposes  of  calcnTation,  to 
expreia  the  vehjcitiea  of  tho  |wrtji  of  niRchincs  either  in  fpct  poc 
second  or  in  feet  per  miniitei.  Forccrt»iin  dynamical  cflJcitlations 
to  I*  ufterwurda  referred  to,  tlio  second  is  tlio  more  convenient 
nnit  of  time :  in  stating  the  pertnrmflnce  of  machines  for  practical 
ptirjioM.-K,  the  minute  is  the  unit  moat  commonly  employed. 


ed.  I 


TELOCITT — ASQVLAH   MOTIOS — STATICAI.   UOUOrt. 


Conq/ariaoti  qfDiJermt  ifeiuura  of  Ydttciiy. 


ptr  bonr. 


0-6818 

0-01136 

0-00018^3 


1-46 


=     I 


508 


o-oi6 
0*00027 

1-683 


Fm) 
per  niouta 

88 
60 

I 

o-ai6 


par  hotir. 

SaSo* 
3600 
60 


101-27     =   6076 


1  DAuttcal  mile  ^ 

"knot," j 

Tbe  nniU  of  titiio  being  the  samu  iii  all  civilizeil  oonntries,  tbe  pro- 
pni'tioDn  Anioo]]^  tbtir  uniU  of  relodty  are  the  same  with  thosB 
aiUQiigxt  their  jiiacor  mcuure;!. 

5.  w«rk  ta  Tmwu  sT  Ikm^OmM  KlMlMt.  {A,  M.,  0!)3.)— When  u 
rrsisling  force  opposes  the  nioLioti  of  a  part  of  a  moohiiic  which 
moves  TouDi)  a  fijced  axis,  such  as  a  wheel,  an  axle,  or  a  crank,  the 
I>roduct  of  the  nnu'iiiiit  of  Uint  resifitanco  iiilo  ita  laceratje  (Umt  is, 
th/>  rwrprpdicular  dijitance  of  thv  line  along  which  it  aot«  from  tho 
(ra  axin)  in  oUlcl  thi*  monirrU,  or  ^uuica/  nwfneni,  of  the  rcHist- 
ico.  If  the  resistance- 13  expressed  in  pounds,  and  it«  levera^  in 
■li  then  its  nioniont  is  exgiresscd  in  t«rni8  uf  a  measure  which 
ij  he  called  a  foot-pmmd,  but  which,  ucvcrtheleB^  18  a  quantity 
'  an  entirelj  diffcmit  kind  fn>m  a  foot-pound  of  work. 
8up]>ow  DOW  that  the  body  to  whoso  motion  tbe  resistance  ia 
iltow-il  turns  through  any  number  of  revohitious,  or  piirts  of  a 
Bvolution:  and  let  T  denoto  the  anglu  tlirouf^h  which  it  turud, 
'  esproasod  in  revolutions,  and  parts  of  a  rerolution ;  iiIm,  let 

2  »  ^  6-2832 

denote,  Its  is  cnxtomarf ,  tho  ratio  of  the  drcumferuuce  of  a  ciivle  to 
ita  railing  Thru  thu  dLntiuici)  through  which  the  givm  reainUiKe 
overcomo  is  cxprvoted  by 

the  Usvprn;^?  x  2  »  x  T ; 

bt  is,  I7  the  product  of  the  circumforenco  of  a  oircio  whoao  radius 
li'vrra^c,  iiiUi  the  number  of  turns  and  fractious  of  a  mm 
[by  Ihe  rotating  body. 

Uatauce  thu.s  I'uuud  Xnim^  multipb'cd  by  the  n-taAtancc  over> 
the  work  perlbmiefl ;  tliat  is  to  say, 

Th£  V!ork  fttrjormxid 
:  Ift4  rendaiu*  x  'Ac  tevcra^  x  -  ■^  X  T. 


WTBODrcnoy. 

But  the  prodoct  of  the  resistance  into  tho  levcrago  is  what  is  c&Ui 
the  momnU  of  Uio  resistance,  and  the  product  '2-wT  u  called  t 
mngtdar  motion  of  the  rotating  IxkI^  ;  consequently, 

rB  Tht  tcorlc  per/orrrud 

s=  (A0  moTMrtt  oftAe  nnatance  y  Uia  angular  motion. 
The  mode  of  ootnputtng  the  work  indicated  by  this  last  pqua 
is  often  moro  convenient  tlum  the  direct  mode  already  explained 
Article  2. 

The  angular  motii>n  2  «  T  of  a  body  during  eomo  definite  unit 
time,  as  a  second  or  a  minute,  \a  called  its  angular  wlocity;  that 
to  say.  angviar  vdoeUi/  u  the  prodvd  of  Um  tums  and  fractions  eft 
fMm  vMiU  in  an.  unit  of  time  into  the  ratio  (2  r  =  6'2832)  of 
eiitun{f«rence  of  a  circle  to  its  radiu-a.     Hence  it  appears  that 

Thft  rate  (^fwork 
:=  the  moment  of  the  rtsint/xnce  x  th<s  angular  velocity. 


G.     «r«rfc  in  Tenaa  «r  Pnuur*  and   TaInom-.      {A.  Jf.,  Ull.) — 1 

the  rpeistenco  ovcnNarne  be  a  pressure  uniformly  distributed  ovori 

ana,  as  whi^n  a  piston  drives  a  fluid  before  it,  Uien  the  amount ' 

tliat  re$i!>t«nco  is  equal  to  tho  intensity  of  tho  pressure,  cxproasod 

in  units  of  force  on  each  unit  of  area  (for  example,  in  pounds  on 

the  sq  jnre  inch,  oi-  |KJuiids  on  tho  squaru  foot)  multiplied  by  the 

atea  of  the  surfiica  at  which  the  pressnre  acts,  if  that  area  is  per- 

peodind;u-  to  the  dii-ectioa  of  the  motiun ;  or,  if  not,  then  by  the 

P«V9«!CKm  of  that  nrea  on  a  plane  perpondiL-ular  to  the  direction  of 

■KrtioiL     In  practice,  when  the  area  of  a  pltton  is  8|ioken  of,  it  is 

^Kalvays  understood  to  moan  the  projectii*n  above  nientiunt'd. 

^B     Sow,  wheji  a  plane  area  is  multiplied  into  the  distfluw  through 

^B  vUch  it  moves  iu  u  diroctioa  perjiendicular  to  itself,  if  its  motion 

H  isitndght,  or  into  tho  dii^tance  tfintugh  which  its  centre  of  gravity 

~    -Mvrn.  if  it«  motion  in  curved,  the  product  is  the  voluTtte  of  the 

mtm  tmvertcd  by  the  j>ist<')n. 

Botoe  the  work  perfonned  by  a  piston  in  driving  a  fluid  before 
|^«r  Vr  '  ''"'*'  '"  <l''iving  a  piston  before  it^  may  be  expreaaed  in^ 
rflhc  following  ways: — 

lieviiitance  X  distftnce  trai^treed 
—  \iitneity  of  prcsmtre  x  "re«  x  distance  trarerMd/ 
=  intetuity  qf  pressure  x  volume  traversed. 

vfetoctiDiputtt  the  work  in  ftiot-pounds,  if  the  pressure  is 

«|«|DdB  on  the  square  foot,  the  area  sbould  bo  htatt'd  in 

^ndlho  volume  in  cubio  feet;  if  tlic  prcssuru  is  atated  in 
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poTinds  on  the  sqnare  inch,  the  area  slioald  be  stated  in  aqnora  inches, 
mud  the  rolume  in  uaita,  each  of  which  ia  a  priBm  of  ono  foot  in 

loDgU)  and  one  square  inch  in  area ;  tliat  id,  of         of  a  cufaio  foot 

in  roloma 

The  following  table  gives  a  oompariaou  of  varions  units  in  vbicb 
le  inteusitieB  of  preasurea  are  commonly  exprt-ssud.    {A.  M.,  86.) 

rounds  on  tli*         TouDda  on  (ba 
•qnara  fiioL  wuk  inch. 

One  ponnd  on  the  iqnare  inch, 144  i 


70-73 
62-425 

5-2oai 


2116-3 


l.>ne  pound  on  tbo  fiqiiare  foot, 
One  inch  of  mercuty  (that  ia,  weight 

of  a  column  of  mercury  at  32° 

Fahr.,  on6  inch  high) 

e  foot  of  water  (at  3U'-1  Fahr), 

e  inch  of  wat«r, 

atmoiqthere,  of  39-922  iiichiui 

of  mercuiy,  or  760  niillira^trca, 
One  foot  of  air,  at  32^  Fahr.,  and 

under  the  pressure  of  ouc  atmo- 

•phere, 

One   kilogramme    on   the  sqimro 

mMre, 

One   kilogramme   on    the   square 

millimt^tra,  304813 

Ki  millimetre  of  mercury, 2  7847 


0-080728 

o  204813 


0*4912 
04333 

0*0361*5 

M7 


0*0005606 

0-00143331 

1422*31 
001934 


7.  AljBhwIfl  KxvRMtoM  Ar  WoHi.    (A.  M.,  filS,  517,  A93.) — 
cxptcsB  the  rcBultfi  of  the  preceding  articles  in  algchruical  sym- 


let 

t  denote  the  distance  in  feet  through  which  a  resistance  is  over- 
D3nie  in  a  given  time; 

K,  tlio  amount  of  the  resistance  overcome  in  pounds. 
Also,  supposing  the  resistance  to  be  overcome  by  a  piece  which 
turns  about  an  oxix,  let 

T  l»o  tliy  nnmlier  of  turns  and  fnictions  uf  a  turn  ma/lo  in  the 
given  time,  and  i  ^  2  *  T  ^  <J-2S32  T  the  anguhir  motion  in  the 
givrn  time  ;  and  let 

/  bo  the  leverage  of  the  re^iiHance ;  that  is,  lie  perpendicular 
iliatAnoe  of  tlie  line  along  which  it  tu'ts  from  the  axis  of  motion; 
» that  s  =  t7,  and  R/  is  the  statical  moment  of  the  resiiitance.  Sup- 
IM»ing  the  ru^sistance  to  be  n  pressure,  exrrted  Itetween  a  piston  and 
a  fluid,  let  A  be  the  area  or  projected  area  of  the  piston,  and  ^  the 
inUnisi^  of  tite  pressure  In  jwunde  per  oitit  of  area. 


nmioDucnoir. 

Tbro  Uio  following  expreadons  all  ^re  quantities  of  work  in  tiia 
Ciwu  lime  in  foot-pounds: — 

K<;   <R^;  pA.*;    ipAl. 

Tho  last  of  these  expressions  ia  appUcat>lc  to  a  piston  turning  on 
an  aids,  for  which  I  denotes  tho  diaUmoc  from  thu  oxia  to  the  centre 
of  gravity  of  the  area  A. 

tj.  w«rk  AaaiM-t  mi  Ohiiq«r  Paircw  (A.  M.,  511.) — The  resist- 
ance directly  due  to  a  force  -which  acts  against  a  moving  body  in  a 
direction  oblicjue  to  that  in  wliich  ihc  body  moves,  is  found  by 
resolving  thut  funrc  into  two  oout{KiDenta,  ouo  at  right  angles  to  the 
direction  of  motion,  which  ni»y  be  called  a  latfrtU  faret,  and  which 
must  be  balauo-d  b^'  uu  cqtiat  and  opposito  lateral  force,  unless  it 
takes  effect  by  alttring  the  direction  of  the  Ifody's  motion,  and  the 
other  oumpouent  directly  opposed  to  tho  body's  motion,  which  is 
the  rsnatoncs  nqnircd.  That  resolution  is  cifcctcd  by  nieaua  of  the 
well  known  jirinciiilo  of  the  fiarftllelu^'ram  of  forces  as  follows  : — 
In  tig.  I,  let  A  represeut  the  |>oiut  iit  which  a  resistance  la  over- 
,^,_^  coiiie,  A  B  the  direction  in  ^-hicli 

that  point  is  moving,  and  let  A  P 
bo  a  line  whose  direcliou  and 
length  represent  the  direction  and 
maguitude  of  a  force  obliquely 
opposed  to  the  motion  of  A. 
From  F  upon  B  A  produced,  let  fall  tlie  perpendicular  F  R ;  the 
length  of  ilmt  perjK-ndicuIar  will  reprew-nt  tlio  magnitude  of  the 

lateml  oompon^nt  of  the  ol->lif|ue  force,  and  the  length  AR  will 
represent  the  direct  component  or  resistance. 

To  *'xprefiB  tlii-i  in  algebraical  symbols,  let  F  denote  the  obliqndy 
■pplicd  force,  9  the  anf^'le  of  its  obliquity,  or  R  A  F,  Q  the  latcru 
force,  and  R  the  resistance;  then 

QaF-gin*;  R  =  F-cob*. 

3.  UnuBMUoa  mi  <|M«nUii«a  «r  WMrfc. — In  every  machine,  re^tlst- 
ances  are  overcome  duritiK  tim  kidik  intcrsiU  of  time,  by  ditlcr- 
ent  moving  piecn«,  and  at  liilTcn'Ot  points  in  the  8»nie  moving 
piece;  and  the  whole  work  j>urfuriucd  during  the  given  interval  ix 
found  by  adding  together  tlie  ftrveral  products  of  the  resistances 
into  tho  respective  di»taucea  tlirough  which  they  are  simultaneonsly 
overeome.  It  is  convenient,  in  algebraical  sj'uibols,  to  denote  the 
result  of  that  summation  by  the  symbol — 

=  "R'; (1.) 

fa)  which  S  denotes  the  operation  of  taking  the  sum  of  a  set  of 
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overcome,  and  Uie  results  added  together,  as  Uie  Tollowiiig  symbul 
denotes : — 

»-«R, (3.) 

that  sum  is  tlio  equivaicnt  TatiaUmix  at  the  driving  poitU;  and  if  in 
a  given  interval  of  time  the  driving  point  moves  through  tho  dis- 
tauuu  a,  lliuu  the  work  perlurmc-d  iu  thut  time  ia^ 


«  2  -n  R.. 


.(6.) 


The  proccKS  above  dcacribod  is  often  ajjpUi^d  to  tlic'  Btt-uui  cugine, 
by  HMucuig  all  the  r^sietanocs  overcome  to  equivalent  rcsistaQccs 
acting  din^ctly  ngainnt  the  motion  of  the  piston. 

A  Eiiuiihir  luothud  may  bo  a)>plic-d  to  tho  momonto  of  rcsistADCca 
overcome  by  rotating  pieces,  so  as  to  reduce  them  to  equieateni 
mometU«  ot  tht  driving  axle.  Thus,  let  a  resistance  R,  with  the 
leverage  I,  be  overcome  by  a  piece  whose  angular  vcloci^  of  rota- 
tion bears  the  ratio  n  :  1  to  that  of  the  driving  axle:.  Then  the 
equivalent  moment  of  reeistonce  at  the  driving  axle  is  n  K/  ;  and 
if  a  fdmilor  ralciilntion  be  made  for  each  rotating  piece  in  the 
machine  which  overcomea  rCMBtance^  and  the  results  added  to- 
gcthm-,  tha  Biim— 

1  ■  n  R  i „ ....(T.) 

is  the  total  aquivaltnt  moment  o/raigttmet  at  the  driving  axle ;  and 
if  in  B  given  interval  of  time  the  driving  axle  turns  tliruugb  the 
luro  s  to  radius  unity,  the  work  pertbrmed  in  tliat  time  ii 


"V  t  1  • »  R  /. (a) 

rV".  Centre  of  Gravity. — Tho  work  performed  in  lifting  a  body 
is  lite  product  o/ihe  vxiijM  ofUtA  body  into  the  liei'jfd  Otrough  luiiica 
its  centre  vf  gravUy  it  lijied. 

If  a  macMne  lifts  the  centres  of  gravity  of  screral  bodies  at  onca 
to  heights  either  the  samu  or  diffcifiit,  the  whole  iiuu]itity  of  work 
performed  in  so  doing  is  the  sura  of  the  several  products  of  Uw 
weights  and  heights ;  but  that  quantity  cun  uhw  be  computed  by 

mult\jJ.j/i}ig  tJte  sum  of  all  t)i9 
weiylUa  inlo  tfte  hfiy/d  UirmtijU 
which  tlteir  common  centre  of 
gravity  iv  li/imL 

10.  BviMVarBUrioa  oTWork  hy 

Mi  Ar«H. — As  u  quantity  of 
work  is  tlio  product  of  two 
quiuititien,  a  force  and  a  motion, 

V'tis.  2.  it  may  be  represented    by  tl:e 

area  of  a  plane  figure,  which  is   the  product  of  two  dimenaiona. 


IKTBODUCTiON. 

]ii-esente<l  by  A  B,  let  the  resutaace  be  represcuicMl  by  A  C,  and  w 
for  other  divinions. 

Then  the  work  [lerformcd  duriiig  the  diviaiou  of  the  motion  iv- 
presentcH]  by  A  B,  ou  llio  stippositlou  of  alternate  coDstanc)'  and 
abrupt  vaiiution  of  the  rvHisbuioe,  ia  r^preseutcd  by  the  n>ct&ngle 
AB'AO;  and  ths  vhole  work  perfonned,  on  tho  same  aappositiou, 
during  the  whole  motion  U  F,  is  represented  by  the  mim  of  all  the 
rectanglttt  lyitig  lietwct'U  thu  parallel  ordinates;  and  inasmuch  aa 
tho  fiupposi'd  mode  of  variation  of  the  resistance  represented  by  tb* 
■ttjipfd  oiitliue  of  thoao  rt-ctauglcs  is  an  ayiproximation  to  the  real 
mode  of  viuiation  represented  by  the  coutiuuouB  Hue  EG,  and  is 
clofter  approximatiim  the  closer  and  the  more  nHmeixiua  the  |unUltJ 
ordinates  are,  so  the  sum  of  the  rectatigleR  \a  an  approximation  to 
the  exact  representation  of  the  work  pc^rformed  af^iwt  the  conli' 
nuoiialy  varyin/j;  resistance,  and  is  a  closer  approximation  the  cloacr 
and  nuu-c  muiieri<tis  the  onJluatca  arc,  and  by  mukiuf;  the  orJiuatoa 
numerotiK  and  closo  enough,  can  be  made  to  dillV-r  fnmi  the  exact 
rc'prcsentiition  by  an  amount  less  tlmu  any  given  difference. 

Hut  the  A)im  of  those  n^rtangles  i»  al^o  an  approximation  tc 
the  area  O  E  G  F,  boimded  above  by  the  contiuuuuB  line  E  G,  and  i 
a  closer  approximation  the  closer  and  the  more  numerous  the  ordi- 
natoe  are,  and  by  making  the  ordinatcjt  numerous  and  dose  enough. 
can  be  made  to  dilfor  from  the  area  O  E  G  F  by  an  amount  I 
than  any  given  ditfurenoe. 

T/wre/ore  Ote  urea  OEQF,  hounded  by  (7«  gtravjhi  luta  O F,  wAid 
repratents  the  motion^  by  the  line  EG,  icfttme  ordinate^  repretent  lA 
va/iifs  o/tJte  rctf(^«7i<r,  and  by  (he  two  ordinattt  O  E  and  FG,  rflprW 
Kills  cMic/ty  the  icork  performed. 

The  UEAN  RESisTA^fcs  durliig  Jhe  motion  ia  found  by  dividing 
llie  Biva  O  E  G  F  by  the  motion  i)  F. 

The  rollowing  is  the  mode  of  cxpreatdug  the  above  ru8ult«  tc 
alpebniical  ftyiiibols: — 

Ivft  any  division  of  the  motion,  such  as  A^,  be  denoted  by  &at 
«=S'^«  being  the  eum  of  all  these  divisions,  or  the  entire  motiom 
OF.  I 

Let  one  of  tho  valnea  ofthereaifttanoe  for  the  division  A  ilof  tlio! 
motion  bo  R ;  and  lot  this  ropitsont  tho  height  A  C  of  the  rectangl* 
which  stands  ou  A  B  tu  the  approximate  representation  uf  the  work.' 
Then  J 

r^iresentfi  the  area  of  that  rectangle;  and  the  sum  of  tho  wbolfi' 
series  of  rectangles,  which  is  an  approximate  representation  of  Uia 
woric  performed,  is  denoted  by  I 
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For  example,  the  useful  work  of  a  nmrine  stcaoa  engine  in  a 
given  timtt  is  tlio  product  of  the  resistance  opposed  bj  the  irater  to 
the  uwtioQ  of  tho  ebij*,  into  the  distance  through  vhich  she 
moves:  the  lo«rt  work  ia  tliat  perforraed  in  overcoming  tho  resist- 
ance of  the  water  to  the  moiion  of  tho  propeller  through  it,  the 
friction  of  the  mechani)<ni,  aud  the  other  resistanoes  of  the  engine, 
and  in  niii«lng  the  tempt-mture  of  the  condensation  water,  of  the 
gases  which  escape  by  the  chimney,  and  of  adjoining  bodies. 

There  are  some  cased,  bucb  as  thoee  of  miiacular  power  and  of 
viniUnills,  in  which  the  nseful  work  of  a  prime  mover  can  be 
determined,  but  not  the  lost  work. 

13.  Frinlva.  (I'artjy  extracted  and  abridged  from  A.  M.,  189, 
190,  191,  20i,  and  060  to  685).— Tlie  most  fivquent  catise  of  low 
of  work  in  machines  in  friction— being  that  force  which  acta  be- 
tween two  bodies  at  tliclr  eurface  of  contact  50  as  to  resist  their 
sliding  on  each  other,  and  which  depends  on  the  force  witli  which 
the  bodies  arc  pressed  together.  The  following  law  rv3i>octing  the 
friction  of  solid  bndies  huA  been  ascertained  by  expftriment: — 

'J'/te /rictitm  whirh  a  given  pair  oftoiid  boalea,  with  their  Bi^/aoeB 
in.  a  ffiim  e/mtiUion,  are  capable  o/exMiing,  ui  eimply  proportional 
to  tAc/vrce  tctth  tc/aVA  Uict/  are  f^^eweU  Uft/etiier. 

There  is  a  limit  to  the  exactness  of  the  above  law,  when  the 
pressure  becomes  so  inteoso  as  to  crush  or  grind  tho  parts  of  Uw 
bodies  at  and  near  their  sur&oe  of  contact  At  aud  beyond  ^Mt 
limit  tlio  friction  increasee  more  rapidly  than  tho  ]in-88ure;  but 
tliat  limit  ought  never  to  be  attained  at  the  bearings  of  any 
uiacliim-.  Fur  sonto  Hubstonoes,  especially  those  whose  surfaces 
are  seiutibly  indented  by  a  moderate  pressure,  Huch  as  timt>er,  the 
frictitm  between  a  pair  of  surfacea  which  have  n.*imuued  for  some 
time  at  re^t  relatively  to  eadi  other,  is  somewlmt  greater  than  that 
between  the  same  pulr  of  surfuot-i)  when  sliding  on  each  (A^iet. 
That  cjsceAS,  however,  of  the  fridion.  of  rest  over  the  /ruAicn  ^ 
inoliOH,  is  instantly  destroyed  by  a  slight  vibration;  so  thai  the 
ft-idion  o/motion  is  alone  to  be  taken  into  seconnt  as  csmsing  con- 
linuoiu  loss  of  work.  In  general,  the  bearings  of  macliines  ooght 
not  to  be  left  long  enough  at  rest  at  a  time  to  otiow  the  friction 
si-nsibly  to  iuci-eaae  beyond  the  bicliou  of  motion. 

I'be  friction  between  a  pair  of  bearing  siirtiBoes  is  calculated  \/f 
multi|)lyiiig  the  force  with  which  they  arc  directly  pressed  together, 
by  a  fiictor  called  tho  coefficient  of/riction^  which  haa  a  special 
\'b1uo  defiendiiig  on  the  untui-e  of  tlie  matuiials  and  the  state  of  tho 
Biirfac««  as  to  smoothness  and  lubrication.  Thus,  let  R  denote  the 
friction  Ijctween  a  pair  of  surfaces;  Q,  the  force,  in  a  direction  pe^- 
pendiciilar  to  the  snrfacea,  with  which  they  are  pressed  togetlwrj: 
amjyUie  co-ellJciunt  of  frictionj  thtu 
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R=/Q. (1.) 

Tlic  co-dGd?nt  of  iHcdou  of  a  given  pair  of  surfaces  is  tlie  tan- 
gent of  an  anglo  t^lfd  the  mujle  oj'reifow,  being  the  greatest  anglo 
which  on  oblique  pristaurc;  butwccu  toe  snrfacee  can  make  with  • 
pcTModicuUr  to  them,  without  making  them  alide  on  each  other. 
I        The  following  is  a  table  of  the  angle  of  rcpoflc  *.  the  co-effident 
KSf  fiiction  /' —  tan  9,  and  ita  reciprocal  1  :/,  for  tlie  niateriolit  of 
^nkechatiiam— Cfudoused  from   the   tabled  of  Geuerul   Morin,  and 
other  wiurces,  and  anunged  in  a  few  oomprehensive  cta«flc«.     The 
values  of  those  ooastanta  which  are  given  in  the  table  have  re* 
fmnoD  to  tbeyriclton  (^motion.* 


Xa 


SCHTAOU. 

Waod  ■>  mmd,  drr.^ 

..      mptd, 

SCctaU  on  Mk,  drj'. _ 

„  r,      wel. 

•.      •TJ' 

Hh«1i  <m  dm,  dr>- ... 

Uciuft  w  Mk,  dry 

..  n     ""t, 

l^sthir  on  oak, „ 

LaMkvoamctkU^diy...^ 

H  H  Wit,.... 

M  N        fiTcany 

•.        "     ofir. 

Udsboa  Diuls,  dry » 

»  ■•        *«> " - 

Snooth  MBrfscn,  occasionally  gm»d, 
„  M  continitally  gnaanL 
„  „        bMrvulla, 

Bronze  wi  Uipain  vlia,  consuntly  wet. 


l-f 


U"  In  261' 
Hi*  to  2*^ 
Ml"  to  81' 
ISi^toUi* 

114* 
11)=' 10  14' 

18' 

ISi' 
W  to  l»i' 

2U' 
13=* 

«*' 
81"  10  1  If 

IfiP 
4°  to  41* 

8"  7 


•25  to  fi 

-3  to  -Ci^ 

•i  to  -6 

■24  to  '2C 

-i 
■9  to  -St 

•53 

■S3 
'27  to  -8d 

■6« 

■9a 

-28 
•1» 

•16  to  J 
■3 

■07 1«  -oa 

■^i 
03  to  -nsft 

•oa? 


4  K>2 

5  to  25 

2  to  Hi7 

14*17  to  3-«& 

A 

fito4 

1-89 

3 

3-7  to  2'8G 

I  ■79 

2-7B 

4-3J 

6-87 

6-67  to  & 

3'33 

14  3  to  is-a 

30 
33  3  to  i7-6 

20? 


*  la  a  Ppcr,  of  which  an  abstract  ha.i  appcarod  in  tlw  Ctmpta  RatJuB  at  llw 
FmKh  Academy  ttt  Scwnvea  br  tha  26th  of  Ajirll,  1B.'>8,  M.  II.  llodia  docriliM  a 
itths  of  Dumiiimta  which  bava  led  him  tn  the  niinrluiiiun.  iIibe  (lie  friction  belMO«n 
a  pair  vt  mrT^am  *^  Ira)  U  not,  aa  b.  luw  kiilirrtn  Ihi-ii  btlii-voU,  Abwlutfl'y  iii- 
4^)Midaiit  of  (lie  velocity  of  Bliuio^  hut  (hat  it  (ilminl'hn  *\aviy  lu  thaivcliMtjf 
tmrra*!^  utiTnliui;  (u  a  law  aatirtand  by  llw  folloniuf  formula.  Lot 
I    frkUmi 

iriiHjLf  of  ulidirg,   in  mttrM  pw  acoond  =  velocity  m  Cect  per  evcooil 

J.  L.,  >,  aaiMtanl  oo>eni<;ienta i  tlioB 

R_  r+yav 
Q  1  +  aa 

bUowlag  are  the  valiM*  of  ifaa  wcffidooU  dednoed  by  U.  QochM  bwa  lili 
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14.  Vmga^mt*. — Three  resultn  in  the  preceding  table,  Kos.  16, 
intl  IS,  have  reference  to  smooth  firm  surfaoes  of  any  kind,  _ 
nr  lubricated  to  nicb  an  extent  that  the  friction  depends  diiefly  on 
the  continual  supply  of  nn^cnt,  and  not  sensibly  on  tlio  naturaj 
Um  »lid  snr&oes;  and  tbis  ought  almost  alvaja  to  be  the 
aftciunery.     Unguents  should  be  thick  fur  hi-a\'y  jn^essurcs, 
thev  may  ntist  being  forced  out,  and  thin  for  light  pressures, 
Tncidity  may  not  add  to  the  rKsistance. 

ts  may  bt>  cUvidt;d  into  four  cloAHefl,  as  follows  : — 
'mttr,  which  acta  as  an  unguent  on  surfaces  of  wood 
fanihtr.      It  is  not,  however,  an  unguent  for  a  ^iV  of  met 
•■rficca;  for  when  applied  to  them,  it  iiicrcitscTS  their  frictii.>n. 
IL  Oiiy  HtMuerU*,  ounsisting  of  aniuuil  and  ^-egetable  fixed 
—  liBwr,  lanl,  lord  oil,  sc-al  oil,  vrhale  oil,  olive  oU.    The  veget 
cals,  fiucli  Hn  linseed  oil,  oi-u  unlit  for  unguents,  as  ti 
axjgcB^  and  become  Iturd.    The  animal  oils  are  on 
bM*«r  tiian  the  vegetAbte  oiln. 
HL  Smfg  vnguat/a,  composed  of  oil,  alkidi,  and  water.     7c 
|Mirno«e,  such  as  lubricating  tlio  whj-k  for  the  launch] 
«no  of  the  beat  uoguenta  of  this  cituut  is  ftoft  A^»p,  made 
oil  ftud  potash,  and  used  cither  almio  or  mixed  with  tollc 
fw  a  pemuinent  purpose,  such  as  lubricating  railway  cam' 
k  it  i>  iMCvssary  that  tho  unguent  should  coDtuin  less  w: 
Ml  or  fatty  matter  than  soft  soap  does,  othorwiao 
^ty  aim)  become  stiff  by  the  OTiporntion  of  tho  water.     ~' 

Rm"  »\irh  purposes  does  not  contain  more  thnn  from  35 
Ht  cvut  of  water;  that  which  contains  40  or  50  par  cent. 

unguenU,  in  which  liquid  niiucral  hydrocarl 
^^hinolvo  and  dilute  oily  ant)  fatty  su)istanc<*R. 

\^9f  the  jit^isMrt  botwwn  a  |wir  of  gfeai»ed  snrfs 
^  W  to  greiLt  as  to  force  nut  tlie  unguent     Tbe  foUt 
FVM  very  fairly  with  the  residts  of  practice: — 
vrtocity  of  Hliding,  in  feet  per  second ;  p,  the  great 
vi  pmisure,  in  lbs.  on  tbe  square  inch  j  then 

44S00 

^""CO  w  +  20' 

to  excood  1200. 

.  of  wbMla  snd  tkldt  rabbiog  loagidtdiiiany  oo 

^    '   '.'i  for  (Uirp  nirficw,  O-K. 
'   <  '.{  (i>r  ikkU  •liding  on  t»\\\  0'ti7, 
li     r 'iliilc  »  laappreciably  (moll. 
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The  ifiork  performtd  in  a  Rivpn  time  io  ovftrcominff  the  friction 
between  a  pair  of  stirfocoa  w  the  product  of  tliat  frictinn  into  th<- 
^i^tnoo  through  which  uui'  surface  slirleji  over  the  otfmr. 

When  the  mtition  of  one  surfuce  i-elativcJy  to  the  other  oou&iftt^ 
m  nttatioD  al«oiit  an  axi*,  the  work  pc-rformc-d  Tiiay  nlao  be  cal- 
{mlated  by  niultijilying  the  nihitivt>  atujulur  motion  of  the  mr&CMW 
tf»  n■iill}^  unity  iuto  the  ritoment  of  friction;  that  i«,  tho  product  of 
th^  ftirtion  into  its  Icvitragii,  which  in  ih*  meiin  diatajicu  of  tha 
rvhhtug  suriiu^eti  frtmi  llie  axisi 

For  a  cyliDdricul  journal,  tht)  leverage  of  the  friction  ib  aimplr 
the  radios  of  tho  jounmL 

For  ft  Jtta  pirot,  ilw  lerenige  it  two-tfairda  of  the  ndiua  of  the 
pirot 

For  «  eoUar,  lei  r  and  r'  be  the  inner  and  outer  radii;  then  the 
lerarmge  of  the  frictinn  in 

1?=^ ('■) 

Fnr  "  SrhimU-g  aiUi-JrictioH  pivU,"  whoie  longitudinal  section  is 
the  curve  nnlif<l  tltc  "  tmctrix,"  the  moment  of  triction  ia/  X  the 
load  X  the  external  radius.  This  is  greater  than  the  moment  for 
an  equally  inniwth  flat  pivot  of  the  same  radius;  but  the  anti-fHc- 
tkm  pirot  has  the  advantage,  inasmuch  as  the  wear  of  the  stupes 
b  amform  at  every  point>  eo.that  they  itlways  fit  ench  othi?  acou- 
nctcly,  and  the  preamra  is  always  iiuifonuly  distributed,  and  never 
heoomea,  as  is  the  ouo  in  other  pivot,s  so  int^use  at  certain  points 
■a  to  force  out  the  uneu(>nt  and  grind  the  surface*. 

Ill  the  cu^  ami  6o«  pivot,  the  end  of  tho  hluiW,  nnd  the  btcp  on 
which  it  prttMseB,  prewnt  two  roceJisei*  twdng  eacli  other,  iuto  which 
•re  fitted  two  shallow  cups  of  steel  or  hai-d  brunxe.  Between  the 
coDcnvo  fl[ilic-rir;il  Rnrfacefi  of  those  cups  is  placed  a  steel  ball,  being 
dther  a  cr>inplcte  sphere,  or  a  Irna  having  convex  surfaces  of  u 
MomewhAt  li!hM  nidius  t<haa  the  concave  HurfftcCM  of  the  oupa.  The 
lent  of  friction  of  this  pivot  'm  at  tlr»t  almoxt  inappreciable, 
the  extreme  sraalluetw  of  the  radius  of  the  circK-»  of  contact 
i4  tlic  1)411  and  cnpa;  but  aa  they  wear,  that  radius  and  the  moment 
ci  ftiction  increOHe. 

By  the  rolling  of  two  snrfnces  over  each  other  without  sliding,  a 
rmiatatice  is  cnused,  which  is  called  sometimes  "rolling  friction," 
but  moro  correctly  rolling  mistanct.  It  i-s  of  the  imture  o(  a  couple 
teritting  Tiitatiou ;  its  moment  is  found  by  multiplying  the  normal 
pTMHire  between  the  rolling  surfaces  by  on  arm  wbosi*  length 
dependd  on  the  nature  of  the  rolling  Burfac«;  and  tho  work  lost 
in  an  unit  of  time  in  overcoming  it  is  the  product  of  it*  moment 

oiling  surfaces  relatively  to  each 
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otlier.    The  foUowing  are  approximate  valaea  of  the  arm  in  < 
of  a  foci: — 

Oak  upon  oak, o'Co6  (Coulomb). 

Lignum-vitae  on  oak, 0*004         — 

Cust-iroQ  on  cast-iron, » 0-003  (Treilgold). 

Tlie  TTftrk  lost  in  friction  produoea  heat  in  the  proportitm  of  one 
Brititili  tLcrnml  unit,  Wiug  w>  much  heat  as  raises  the  teDipemture 
of  a  pound  of  wat«>r  one  degree  of  Fahrenheit,  for  every  773  foot- 
]xiunda  of  lijst  work. 

ITie  heat  prodiiwd  \>j  friction,  whon  moderate  in  amount,  Ib 
useful  in  softening  and  liiiiiefj'ing  unguent«;  but  when  exoeanve, 
it  is  prfjudiciol  by  decomposing  die  uuguents,  and  sometimes  even 
by  softening  the  metal  of  the  bearingft,  and  nusing  their  tempera- 
tnro  so  high,  as  to  set  fire  to  neighbouring  combustible  matters. 

flxceseive  heating  is  prevented  by  a  comntant  and  copious  sapplr 
erf  a  good  ongueut.  The  elevation  of  temperature  produced  by  the 
friction  of  a  jourual  is  sonictiiues  U8e<l  as  nu  ex{>cnmentAt  t««t  of  the 
quality  of  unguente.  When  the  velocity  of  rubbing  i»  about  four 
ur  five  feet  per  second,  the  clovution  of  temfieititui-e  lias  been  found 
by  some  recent  experimeuta  to  be,  with  good  iatty  and  aoapy  tm- 
gueuta,  40'  to  50"  Fahrenheit,  with  good  miiieml  luiguenta  about  3(r. 

Ua.  w«rk  of  A<c*i«nui«tt.  {A.  M.,  12.d2l-33,d:{ti.547,549,/I54, 
589,  591,  593,  595-7.V— In  order  that  the  volucity  of  a  liody'a 
motion  may  be  {^langea,  it  must  bo  act4^(!  upon  by  nonie  other  body 
with  a  force  in  thy  direction  of  the  change  uf  velycity,  which  fonxt 
is  proportional  directly  t*)  the  change  of  velocity,  and  tn  the  mus 
of  the  body  acted  u])ou,  and  inver!«."iy  to  the  time  occupied  in  pro- 
ducing the  change  If  the  change  is  an  aor<f1eration  or  increase  of 
velocity,  let  the  first  body  be  called  the  (/n'wJi  bodyfonil  the  second 
Ihe  dnviny  body.  Then  the  force  must  act  u]»on  the  driven  body 
iu  tht!  direction  of  its  motion.  Every  force  being  a  pair  of  equal 
and  niipuaius  actions  livtween  a  pair  of  bodies,  the  same  force  whicli 
uccehu'ates  thu  driven  body  is  a  regixtancB  as  respects  the  driving 
body. 

For  example,  d;iring  the  oommencament  of  the  stroke  of  the 
piston  of  a  Httiiiin  engine,  the  velocity  of  the  piston  and  of  its  rod  is 
accvlei-Mt^-d ;  and  that  acceleration  is  produced  by  a  cfTtoin  part  of 
the  prr-s«iir»'  bt'twi't^n  the  steam  and  the  piston,  being  ilio  excess  of 
tliat  pressure  above  the  whole  resistance  which  tlio  piston  lias  to 
overcome.  The  piston  and  its  rod  coiiBtitute  the  driven  bo<ty;  the 
Bteiun  is  the  driving  body ;  and  tht?  same  part  of  the  pren^tre  whidi 
aooelerates  the  piston,  act»  as  a  nnetance  to  tliu  motion  of  the 
steam,  in  addition  to  the  resistance  vhich  would  have  to  be  ovuc^ 
come  if  the  velocity  of  the  piston  were  uuifonu. 
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inittant,  in  called  its  kohektum  :  so  that  tlie  Tcsistance  dne  to  a 
given  ftoc<'lt'ratioii  in  tHfiiul  t*»  tfic  incr&tae  o/  momaUum  divided  by 
thf!  time  which  thnt  itumaae  ocettpieB. 

If  the  product  of  tlie  force  by  wliich  a  body  is  aooelemtvd,  equal 
and  opposite  to  tlio  m^iiftAnco  duii  to  aocelemCkm,  into  the  time 
during  which  it  acts,  bo  called  iHPtn^B,  the  same  principle  may  be 
oUierwiae  stated  by  saying,  that  tJie  inoreaae  of  momentum  u  equai 
to  the  impuiM  by  which  it  is  caumi 

If  the  nato  of  acceleration  is  not  confttant,  but  variable,  the  force 
R  TftrieB  along  with  it     In  this  case,  tlie  value,  at  a  given  instant 

of  Uie  rat«  of  acceleration,  is  reijresented  by/=  -.-,  and  the  cui^ 

responding  value  of  the  force  is 


9         y  '  dt' 


.(4.) 


Tlic  WORK  PEBPORVED  in  aooeleratiu);  a  Itotly  is  the  jiroduct  of 
the  retii^tance  due  to  the  rate  of  accRleratinn  into  the  dist&nco 
luovcd  through  by  the  driven  body  while  the  aooelemtion  is  going 
on.  The  reiaKtanoe  is  equal  to  the  mass  of  the  Imdy,  multiplied  by 
the  increase  of  velocity,  and  divided  by  the  time  which  that 
increase  occupies.  Xlie  distance  itiovcd  throngh  is  the  prodnet  of 
the  mean  velocity  into  tlio  aime  time.  Theruloro,  the  work  per- 
formed is  equal  to  the  miisn  of  the  1>ody  multiplied  by  the  increase 
of  the  velocity,  and  by  the  mean  velority;  that  is,  to  ths  mancf 
tfa  body.  tuultij>lied  by  the  increase  of  the  kaif-gguare  ofitt  velocity. 

To  cxprt-'as  thin  by  symbols,  in  the  case  of  an  uniform  rate  of 
Deceleration,  let «  denote  the  distance  moved  through  by  the  driven 
Dody  during  the  arceleratinn ;  then 


■ —  a  *  t' 


•(5.) 


which  being  multiplied  by  equation  3,  givee  for  the  work  nf  accel- 
ciatdon, 


In  t^e  case  of  a  Muiable  rate  of  aocclcration,  let  v  denote  the  mean 
velocity,  and  de  the  distance  moved  through,  in  an  interval  of  time 
tit  ao  short  that  the  increa-se  of  velrKity  </ v  is  iiidutinitely  small 
compared  with  the  mean  velocity.     Then 

da  =  vdti 


BEIOUT   DUB  TO   TKLDCaTT. 


Slj 


beii^  mtiltipljed  by  eqimtion  4,  giTW  far  the  work  of  acecl- 
tluting  Uiu  interml  d  t. 


0 
W 


W       ds 


Tt 


ff  dt 


=  —    .  V  d\ 


.(S.) 


md  tha  uatornrfum  of  this  esprea&ian  (i*co  Article  11a}  gives  for 
the  work  of  scoeletation  duriu^s  a  finito  interval, 

/e..  =  17..,  =  Z.^-^ (,., 

_  Ifatt  tmaxo  with  iht>  result  already  amved  at  in  equation  6L 
yron  equatioD  d  it  sp|K«rs  that  ths  v»rk  per/vrtiwd  in  producing 
m  yimt  acceieraiion  depends  on  Ae  initial  aiidjiJial  veU>cUi0$,  T|  and 
v^  mmd  tu)t  on  Out  intermediate  chenvjea  ofrtitteity. 

If  a  body  fulb  &ei.-ly  under  the  action  of  gravity  from  a  state  of 
nM  tiimagh  a  height  Uy  so  that  it«  initial  velocity  in  U,  and  its  final 
nJadty  r,  the  woSc  of  accelexation  peribrmed  by  thv  earth  on  tlie 
lady  is  sitniity  tlie  product  W  /»  of  tlie  weight  of  thu  body  into  thv 
kcyit  of  £uL     Conijioriug  this  nith  vqualiou  G,  v.-e  find — 


A  =  ^ 


2y 


.(10.) 


Tkia  quantity  is  called  the  hdgfu^  or  fail,  due  to  Uie  vdowty  t  j 
tferi  from  eqantiona  6  and  1)  it  appears  that  (A«  vxrk  pstjonnod  m 
mndwxng  a  i^itvn  oooe/^niJum  in  the  /lame  vntk  that  fKfirrmsd  in 
^(tiiijj  Ue  ffmwn  iody  t/trough  the  d^ermcc  ^  the  heiffhte  due  to  iti 
'''u  ttndjittat  vdocittet. 

wr>rk   of  acoeieration  is  perfomn^   by  a  prime  mover  a|»<tii 
■vhich  uftither  form  part  of  th«  prime  mo\'er  itself,  nor  of  tho 
I  which  it  is  int*ndefl  to  drive,  that  work  is  loat ;  as  when 
entfine  jiwfoniis  work  of  accelemtion  on  tho  water  that  is 
nrack  by  tha  propeller. 

Wuvk  of  aooelenictiDn  pf^rformed  on  tho  mo^-ing  ^cccs  of  tho 
pfti*^  ounrer  itwlf,  or  of  Uie  machinery  driven  by  it,  u  not  nects- 
■rily  lost,  aa  will  aiierwiixda  appe-.i.r. 

15.    mmmmmamm  ^  WotU  ^f  Ace«lw»*l««— Maawm  •ri^ertta— Re- 
^tmt  iNmla. — If  Stfvt-ruJ  pieces  of  a  machine  have  their  vc-locitu« 
iscnaaod  at  tlie  same  time,  the  work  perfonnerl  in  acoeletHtiug  thcnu  ^ 
ii  the  aam  of  the  aoveral  qoantitJea  of  work  duo  to  the  acoeleratiouj 
<tf  tbe  KapWTtive  pieces;  u  rrault  ejqweasod  in  eymbols  ' 


^1- 


«J 
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The  prooBM  of  finding  tliAt  earn  is  &cilit&ted  and  abridged  ia 
certuiu  cases  by  upttcial  methodji. 

L  Aeceierattd  Jiotation—ifomeTU  of  fnariia.— Let  a  denote  t]i« 
angulAr  velocity  of  a  rolid  body  rotating  about  a  fixed  axis; — that 
ii,  aa  explained  in  Article  5,  the  velocity  of  a  point  in  the  body 
vhoBO  nidiuH-vector,  or  diatanoe  from  the  axis,  in  unity. 

Then  the  velocity  of  a  particle  whoso  diManoe  irom  the  ^xif 
is  r,  is 

»  =  o  r; (2.) 

and  if  in  a  given  interval  of  time  the  angiUar  velocity  is  accelerated 
from  the  value  a,  to  the  valne  Og,  the  increase  of  the  velocity  of  the 
particle  in  question  is 

f,  -  r,  =  r(o,  -  a,) (3.) 

Let  w  denote  tbc  weight,  and  —  the  mssB  of  the  particle  in  ques- 

9 
tion.  Theh  the  work  performed  in  accelerating  it,  being  cqital  to 
the  prodnct  of  its  mass  into  the  increaM  of  the  half-nquare  of  its 
velocity,  is  also  equal  to  the  product  of  its  ntius  inio  the  equare  qfiis 
radiu^vaetor,  and  into  the  inrren^i  of  the  half-fiquare  of  the  angular 
vdocUy;  that  is  to  say,  in  symbols, 
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t^-»f 
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e^-af 


rJ 


Tn  find  the  i*-ork  of  acceleratiou  for  the  whole  body,  it  in  to  be 
oei\'ed  to  be  divided  into  smnll  ])articlcs,  whose  velocities  at  any 
given  instant,  and  also  their  accoU'rations,  are  proportional  to  their 
distances  from  the  axis ;  then  the  work  of  accelera^on  ia  to  be  found 
for  each  partide,  and  the  results  added  togithtr.  But  in  the  Bum  so 
obtained,  the  incrense  of  the  half-square  oif  tlio  aiigiilar  velocity  in  a 
common  (actor,  having  the  same  value  for  each  particle  of  the  body; 
and  tlie  r».te  of  acceleration  produced  by  ginvity,  g  ^  32'2,  is  a 
common  divisor.  It  is  thertfore  siifficit-ut  to  add  together  tfie  pro- 
ducts  of  the  w^ghi  ff  each  pnrtide  (w)  into  t/te  mpiare  of  its  raditta- 
vector  (r*),  and  to  multiply  the  sum  90  obtained  (£ '  w  r*)  6y  cAa  in- 

enaae  of  the  hJf-tquare  of  the  angtiiar  vtlocity  {-.{^  -  ^))i  '"«' 
divide  b^  the  rate  of  accdenUion  due  to  gravity  (g).     The  remit. 


TUL; 


ZWf* 


.(fl.) 


worit  of  MOeleration  sought     In  fact,  the  mm  2  w  t*  is  tha 
of  a  hods.  wAusA,  ifeonemlinUd  a*  (Ue  rfwbwos  unUy  from. 


Momorr  or  istebtia — beducbd  ikebtia. 
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the  taii  ttfrotatumf  vxmid  reftnn  the  aame  tcork  to  prcHuea  a  ffivm 
inermse  ofanffiUar  reioettt/  which  the  actual  body  f^ttret. 

TJie  tfrm  homent  of  nniRTiA  is  applied  in  Bonie  writings  to  the 
I  3  w  r*,  and  in  others  to  tlie  corre^wnding  moM  2wr*^g. 
parnoeea  of  mecbiuuoal  eof^ueering,  the  aam  swt*  is,  on  tlte 
whole,  tms  most  oonTenient,  bearing  as  it  does  tbe  same  relatiou  to 
angular  aocoletation  which  -Hmght  docs  to  acceleration  of  linear 
Telocity. 

The  Radm*  of  Gyration,  or  Meai^  Sadiua  of  a  rotating  body,  is  a 
line  whose  equare  ia  the  mean  of  the  aqoareB  of  tho  diBteJiciw  of  it<i 
particles  from  the  axis;  and  its  value  is  given  l>y  the  following 
«(]oation^— 

c"-^ («.) 

to  that  if  we  put  W  =  3  u>  for  the  woij^fat  of  tho  whole  body,  the 
moment  of  inotia.  may  be  repi-esented  by 


I^We* 


(7.) 


^^Btrusi 


The  following  examples  of  tadii  of  g;)Tation  of  boHieR  of  different 
rotating  about  their  axes  of  figure  are  extracted  from  a  moro 
ive  table  in  A.  M.,  578:— 


nouRE  OP  SOLriK 


sgVARB   OF 
mAOIUS  OF  aTKATIOX. 

5 


Sphew  of  mdins  r, 

Spherical  shell— ext«>mal  radius  r,  internal  r*^ "  V -■  —  -^ 

2  r* 
8|itierical  shell,  iimnsibly  thin,  rodins  r, — 

T 

r'+T^ 


Cylinder  or  flat  circular  disc,  nulius  r, 

Hollow  cylinder  or  ring,  external  radiae  r,  internal  i', 


Hollow  cylinder  or  ring,  insensibly  tliin,  radius  r, r" 

The  squan.'  of  the  nwlins  of  j^ynttion  of  a  body  rotating  about  an 
axb  which  docs  not  trav^nte  its  wntn.'  uf  gravity,  is  i«iual  to  the 
«jnAz«  of  its  ntdiiis  of  gyration  about  a  parallel  axis  tmvcraiug  ita 
oentn*  of  gnivity,  added  to  the  aqoare  of  the  distmice  between  those 
two  axes. 

IT.  Inertia  liedueed  to  the  Brieinff  Paint. — If  by  tho  f>T'mc\^Aca  o! 
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pBv  f**"*""  it  ia  known,  that  in  a  uiftchine,  a  certain 
yM«0  wfcoae  veight  ia  W,  has  a  velocity  always  beari 
It :  1  to  tlie  velocity  of  the  driving  point,  it  is  evident 
tlte  driving  point  undei'goes  a  given  aocelemtion,  the  vork 
MrftmnKl  iu  producing  the  corresponding  acceleration  in  the  piMa 
m  qwstinn  is  the  srime  with  that  which  would  have  hecu  nyiiiixed 
if  a  wviifht  «•  W  had  been  couceutnitcd  at  the  driving  point 

If  A  similar  calculation  be  pert'omied  for  f^ach  moving  piece  in  the 
■M^mc,  and  the  result;*  added  together,  tlic  eom 


2  •  n'  W (a) 

weight  which,  being  concentmted  at  the  driving  pointy 
ivquiiv  the  same  work  for  a  given  acoeleratiun  of  the  driving 
tiiat  the  actual  machine  nviuires  ;  so  that  if  r,  ia  the  init^ 
It,  Uio  final  velocity  of  the  driving  point,  the  wuric  of  aocelBn- 
tin  wf  the  whole  machine  is 


2ff 
«P«mtioD  may  be  calU 


S-n'W (9.) 


d  ths  rvtlttoUon  of  tAo  xnariia  to  lAl 
fpmt.     Hr.  Moscley,  by  whom  it  waa  first  introduced  into 
tkvory  orniaohines,  calbt  the  expression  (8.)  the  "at-e^wnt  qf 
"  for  reasons  which  will  afterwards  appear. 
In  tiidiog  the  retluctxl  inertia  of  a  machine,  tjie  mass  of  each 
pinw  is  to  b«  tl%ated  wa  if  concentrated  at  a  distance  from 
wtinl  to  it6  nuljus  of  gyration  { ;  so  that  if  v  re|neeent9  tlw 
kit  the  driving  point  at  any  inrtant,  and  a  the  correAponding 
ivUx-ity  uf  the  rutating  piece  in  question,  we  are  to  make 


Hi 


.(10.) 


the  calculation  expressed  by  the  formula  (8.) 

M«T  ^  Tmri«M  vum*m  »rw«rk. — In  onlor  to  we«ettt  At 

I svmliolical  expression  of  the  ^arioiu  modes  ci  perform* 

ibod  io  iiit'  i>roceding  articles,  let  it  ht^  RuppoNed  titat  ia 

of  time  (/ 1  the  driving  point  of  a  machine  moves 

da;  that  during  the  same  time  its  centre  of 

throngh  the  height  </  h ;  tliat  resistanofia,  any 

_kM*vi>euU.'d  by  II,  are  overcome  at  pointa,  the  re- 

k^nMO  velociticH  to  that  of  the  driving  point  are 

(^weight  of  any  piece  of  the  mechanism  is  W.mid 

^  nUio  of  its  velocity  (or  if  it  rotatcB,  the  ratio  of 

A  mtd  of  its  radius  of  gyration)  t'^  the  velocity  of 

■•'ii  Mr   ,;  !■  Jig  ]>oint,  whooe  mean  velocity 


BCJfKART   or  WOKK — Dn'IATOrO   FORCZ. 
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!»•=-*-,  undetgwai  Uie  accclcmtjon  d  v.     Then  the  toAob  work 
perfinrmad  during  che  interral  in  qaeBtion  is 

The  meepi  toto/  fenBtcmoe,  miumi  U>  tJt«  Jrwmg  poitU,  luv  bo 

IQ|xit«d  ty  dinding  the  almve  exprestuon  bjp  the  moUoD  of  the 
Ting  point  d»=^vdt,  giving  the  foUoviitg  nxtUt: 
Sectiov  2. — 0/ Deviating  and  Cenlri/iu/td  Farce. 

IT.  mrriMiBs  VM«t)  •$  m  aiBBie  ii«4ir.  (J.  Jf.,  537.)— It  ia  part 
of  the  fint  law  of  motion,  that  if  a  body  mores  nnder  no  force,  or 
baUucctl  furct.-3.  It  movi-s  in  a  stru^ht  Hue.     (J.  if.,  510,  513.) 

It  is  one  oousequen^  of  the  second  law  of  pxotiou,  that  iu  nrd«r 
tfaiiC  K  body  may  move  in  a  curved  ixtth,  it  must  be  continually 
acted  iipon  hj  an  unbalanced  force  nt  right  nngtei^  to  the  direction 
of  il»  mutiuu,  the  direclioa  of  tho  fonx-  iK-iug  that  towards  which 
Uie  jrath  of  thu  body  ia  cun-cd,  and  it^  magnitude  bearing  the  imxae 
ratio  t^>  the  weight  of  the  btnly  that  the  height  due  to  the  bodir's 
velocity  bears  to  half  the  radius  of  cur\-atun;  of  its  path. 

ThiH  princijik-  is  expressed  symboUcally  as  follows : — 


r 


mrntsnk 


3 


BdghtdcM 
tovriodty. 

^9 


Body'*  Dtftadng 


In  the  csuw  of  projectiles  and  of  the  heavenly  bodies,  deviating 
fovce  is  supplied  by  thai  comixjoeut  of  the  mutual  attractinn  of 
two  ntftiSGS  which  acts  perpenchcular  to  the  direction  of  their  rela- 
tive motiotL  In  machines^  de^'iating  force  is  8Hii])lJed  by  the 
rtrength  or  rigidity  of  aom«  body,  which  guidea  the  revoh-ing  mass, 
making  it  tuove  in  a  cnrve- 

A  pnir  of  fnn  bodies  attracting  each  other  have  both  deviated 
raL>tiou.i,  tlu'  attnution  of  each  guiding  the  other;  and  thoir  dovin- 
tiuuii  of  motion  n-.Utivcly  to  their  commou  centre  of  gi-avity  aro 
uivvrBoly  As  their  mawe& 

In  a  tmichine,  each  revolving  body  tends  to  press  or  draw  tho 
body  which  guides  it  away  from  ita  position,  in  a  direction  (rom 
the  c<-iitrr  of  cimature  of  the  pathof  Uio  revolving  body;  and  tiiat 
t»ii'l''iicy  is  nwated  by  the  strength  and  BtitliienB  of  the  guidinj; 
Immjt,  and  of  the  fhime  with  which  it  iii  couucctvd. 
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18.  Cwirtftig»i  F<»rr«  {A.  if.,  638)  18  the  force  with  which  n 
revolnng  buUy  reut.-Ls  ou  ttie  body  that  guides  it,  and  is  equal  and 
nppoAite  to  tluT  <t<-viiitiTig  force  with  which  the  guiding  body  acts 
oo  the  reTolvin;^  UkEv. 

In  fact,  as  has  been  ftlrendy  stated,  every  force  is  an  action  be- 
tween two  bodies;  and  deoiaiing  force  and  eentri/ugal  J'orce  are  but 
two  different  names  for  the  eaxav  force,  applied  to  it  according  u 
the  condition  of  the  revolving  body  or  tliat  of  tlio  guiding  IkhIj  is 
under  consideruttou  at  tliu  time. 

19.  A  Kcv«iTiiig  pendMiMBi  id  onc  of  the  simplest  practical  appti- 
nations  of  the  principles  of  deviating  force,  and  is  described  here 
because  its  use  in  regulating  the  speed  of  prime  movers  will  after^ 

wards  Lavo  to  be  referred  ta  It  consists  of  a 
ball  A,  suspended  from  a  point  C  by  a  rod  C  A 
of  small  weight  as  compared  with  th«  liall,  and 
revolving  in  a  circle  about  a  vertical  axis  C  R 
The  tension  of  the  nxl  is  the  n?sultant  of  the 
weight  of  the  Iwll  A,  acting  vertically,  and  of  its 
centrifugal  force,  acting  htirizontnlly;  and  there- 
fore the  rod  will  nmnme  snrh  an  inclination  tliai 


Fig.  7. 


lieight  B  O  _  weight 

radius  AB  ~  centrifugal  force 


=^-(1.) 


where  r  =  A  R 
pendulum;  then 


Let  T  be  the  nunAer  of  turn*  per  aeamd  of  the 

t.=  2«-Tr; 
niid  therefore,  making  B  C  =  A, 


h  =  ^-^  = 


=  (in  the  latitude  of  London) 


0-8154  foot 


t 


9-7848  inches 


-■(2.) 


SO.    B>«TlaUiHt  Force  ta  T«rM«  of  AHC«bu-  Velo«lt7-   {A.  Jif.,  540.) 

— When  a  body  revolves  in  a  oirculiir  path  round  a  fixed  axisy  as 
is  almost  always  the  ca»e  with  tho  revolving  parts  of  machines,  the 
radius  of  curvature  of  its  path,  being  the  perpendicular  distance  of 
the  liody  from  the  axis,  is  constant ;  and  the  velocity  v  of  the  body 
is  the  product  of  that  radius  into  tho  onguhir  velocity;  or  symboU* 
cally,  as  in  Article  5 — 

If  these  ^-alnes  of  the  velocity  be  substituted  for  v  in  eqwtion  I  of 
JUtide  1 7,  it  tecomea — 


cesrnuFUOAL  pobck  akd  cocpue. 


27 


Q  = 


•0) 


CMiiriikgM  Vm««.  {^.  i^.,  603.)— The  whole  c*n- 
»  of  a  body  of  aoy  figure,  or  of  a  lystem  of  connected 
ting  about  an  axis,  ia  the  same  in  amoujit  and  diredim* 
lole  macs  weie  concentrated  at  tho  centre  of  gnivity  of 
That  i*  to  aay,  in  the  formula  of  Article  20,  W  ia  to 
tepresent  the  weight  of  tlie  whole  body  or  system,  and  r 
liciilar  distance  of  its  centre  of  gravity  from  the  uxu; 
( of  action  of  the  resultcmt  centrifugal  force  Q  Us  always 
*,  although  it  does  not  in  every  caw  coincide  with  r. 
e  ajcie  of  rotntion  traverMS  the  centre  of  gravity  of  tho 
stem,  the  amount  of  the  centrifugal  force  is  nothing; 
>y,  the  rotating  body  does  not  tend  to  pull  ita  axis  a«  a 
f  ita  place. 

rifugal  forces  exerted  by  the  varioas  rotating  piccce  of 
fainst  the  bearings  of  their  axiea  are  to  be  taken  into 
determining  tlie  latcml  preAsuiea  whidi  cause  firiction, 
ingth  of  tho  axles  and  fnunowork. 
iKDtrifugal  forces  cause  increased  friction  and  slnss, 
nea,  also,  by  reason  of  their  continual  change  of  direc- 
«  detximental  or  dangerous  vibrution,  it  is  dostiable  to 
I  to  tho  smallest  poasible  amount;  and  for  that  purpoee, 
I  is  some  special  reason  to  tho  contraiy,  the  axis  of  ro- 
rery  piece  which  rotates  rapidly  ought  to  traverse  its 
^,  that  the  resultant  oentiifugal  force  may  be  no- 

C«Mrl«~PcnH«aaM  Aala. —  It  is  not,   however, 
annul  the  etfert  of  eeutrifiigal  fotco,  that  there  ahouhl 
mcy  to  ahifi  the  axis  aa  a  whole;  there  should  also  bo 
'  to  turn  it  into  a  new  angular  |HMiition. 
hf  the  simplest  possible  example,  that  the  latter  ten- 

«xist  without 
let  the  axis  of 
r  the  sjratem 
fig.  8  be  tlie 
of  an  axle  rest- 
Dgs  at  £  and  V. 
9  let  two  anna 
pendieularly  to 
I  opposite  (Lirec- 
ift    nme  plane, 

their  extremi-  ^' 

livy  bodies  A  und  C,     Let  the  weighU  of  the  anna  \» 
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inaenabte  u  compared  with  the  weifthU  of  Uioee  bcxlies;  and  Vk 
the  waghta  of  the  bcxlies  be  inveraely  u  their  distauwa  bxtiu  tb« 
axis  j  that  u,  let 

A  -aTB  =  C  •  CD. 

Let  A  C  be  a  straight  lino  joining  the  centres  of  gravity  of  A 
and  C,  and  cutting  the  axia  in  O;  then  G  is  the  common  centre  of 
gravi^  of  A  and  C,  and  being  in  the  axia,  the  resultant  centrifugal 
force  IS  nothing. 

In  other  words,  let  a  be  the  angtilar  \'dloci^  of  the  rotation^ 
then 

The  oeutiifugal  force  excrt^xl  on  tlio  axis  bj  A 

a*  A-AB 


9 

The  centrifugal  force  exertod  on  tho  axis  hy  C 

a»C-CD 


9 


dinJH 


and  those  forces  are  eqoal  in  tDagiiitnclc  and  opposite  in 
m  that  thitre  is  no  tendency  to  remove  thu  point  G  in 
tiou. 

ThvTfi  ie,  however,  a  tendency  to  turn  the  axU  about  the  point  G, 
Wing  the  product  of  the  CDmnioa  magnitude  of  the  ooupis  of  <»'&' 
trifbgal  forces  above  stated,  into  their  leverage ;  that  is,  the  perpen- 
dicular distance  B  D  lietwoen  their  lines  of  action.  That  product 
is  called  tAe  moment  o/the  cerUrifugal  couple;  aod  is  ropreseoted  by 

QBD; (I.) 

Q  being  tho  common  magnitude  of  the  equsl  and  opposito  centri- 
fugal forctA. 

That  cuuplo  causes  a  couple  of  equal  and  opitoiito  prcasurea  of 
the  joiuniiU  of  tho  axlo  against  Uieir  beanngit  at  G  and  P,  in  the 
directions  repreHoutvd  by  the  orrown,  and  of  the  magoitudu  givaa 
by  the  formuia — 


.(I) 


these  tiresBuros  continually  change  their  directions  aa  the  bodies 
A  and  C  revolve ;  and  they  are  resisted  fay  the  strength  and 
rigi^ty  of  the  bearings  and  £rume.  It  is  desiraUe;,  when 
cable,  to  reduce  them  to  nothing ;  and  for  that  purpose,  the 
B,  G,  and  D  should  coincide;  in  which  ca»e  the  centre  line 
axle  E  F  is  said  to  be  a  pervianeiU  axis. 

When  there  are  more  than  two  bodies  in  the  rotating  ^slacii 
fviitrifu^l  couple  is  found  aji  follows : — 


L  rcpivscDt  tlie  axis  of  rotation ;  G,  the  «>ntTf>  of 

,         __  _  _  JStin^  IxxJy  or  system,  situated  in  that  axis ;  ho 

it  tho  remtHant  cpnlrilu^ul  foroo  is  nothing. 
Let  W  bo  any  ont-  of  tho  (wutB  of 
which  tho  body  or  syBtcm  is  cora- 
poeed,  BO  that,  tho  weight  of  thiit 
part    being    denoted    by    W,   the 
b|^t  of  the  whole  body  or  sys- 
^^^^lay  be  di-not«d  by  3  -  W. 
^^Brt  r  denoUs  the  perpendicular 
distance  of  the  oentre  of  W  from 
the  axia;  then 

WaV 


ii  the  ccntrifupil  forte  of  W,  piiH-  rig,  b. 

rag  tliL*  axis  in  the  direction  a:  W, 
AjBume  a  ]nir  of  iixt-s  of  cD-ordinai«8,  G  Z,  G  T, 
inihir  to  X  X'  and  to  each  other,  and  fixe<l 
ly  to  the  rotating  body  or  system — that  is, 
Lg  along  with  it. 
Trom  W  Irt  fall  W  y  perpendicular  to  the  pinue 
ef  O  X  and  O  Y/and  parallel  to  GZ  ;  also  W z, 
jMppudicolar  to  the  plane  of  G  X  and  G  Z,  and 
l-aimlM  to  G  Y  ^  and  make  Fig.  10. 

a;y  =  \Vs  =  y;   xx  =  Wy  =  s ;    G  flf  =  «. 

Then  the  centrifugal  force  which  W  exertn  on  the  axis,  and  which 
»  pBOfwrtii'iml  to  r,  may  bo  resolvwi  iut<.i  two  componenta,  in  the 
lUrecCion  of,  and  projioriional  to,  y  and  z  n'spectively,  viz. : — 

^-^  pondlel  to  G  T,  and 
ff 

^^ipamUeltoGZ; 
'J 
kod  those  two  component  forces,  being  both  applied  at  the  end  of 
tba  levur  Q  x^x,  exert  vumunU,  or  tendencies  to  turn  the  axis 
X  X'  aboDt  the  jKilnt  Z,  expreeaed  as  follows : — 

^  °*  ^  ^,  tending  to  turn  G  X  about  G  Z  towards  G  Y; 

51^115,  tcD'Ung  to  tnm  G  X  about  O  T  ton-arda  G  Z. 
9 
In  the  same  manner  are  to  be  found  the  sereml  momeata  of  lUc 
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wnlrifugol  forces  of  all  the  other  parte  of  which  the  body  or  eysten 
oonsiste;  and  care  ia  to  be  taken,  to  distingimh  moments  irhick 
t«ad  to  turn  thu  axis  towardt  G  Y  or  G  Z  from  tlioite  which  tend  to 
turn  it  yhMTi  those  poeitionit,  by  treating  one  of  these  cl&asefi  cl 
quantities  as  fjoaitive,  and  the-  other  as  uti^tivc: 

Then  by  adding  together  the  poativo  momenta  And  subtracdgg 
the  uc>^tivt-  momuutd  for  all  tho  parts  of  the  body  or  system, 
to  be  found  the  two  sums, 

■  ■ 

(3.) 


-GZ-j-GY   J 


(^ 


9  9 

vhich  represent  the  total  t^Dileneies  of  all  the  centrifugal  forces  to 
tuni  the  axi3  in  the  planes  of  G  Y  and  G  Z  rfsjK«tively. 

In  fig.  10,  lay  down  G  Y  to  represent  tho  former  moment, 
G  Z,  iMqicitdicular  to  G  Y,  to  represent  the  latter.  Tlien  the  dia- 
gonal G  M  of  the  rectun^k-  G  Z  M  Y  will  represent  the  resultant 
moment  of  what  in  called  tlie  Centrifugal  Couple,  and  the  direct 
tion  of  tlutt  line  will  iudleate  the  direction  in  which  that  omipla 
tends  to  tiu-n  the  axis  G  X  nbrtiit  the  point  G.  Its  value,  and  iti 
angular  position,  are  given  by  the  equations, 

tan  ^=  Y  G  M 

The  condition  which  it  is  desii-able  to  ful  &1  in  al  I  i-apidly  rotatii 
pieces  of  inuchiucs,  that  the  axis  of  rotation  glmll  bt*  &permar< 
oxUfis  fuI&ljL'd  when  each  of  the  soms  in  the  funuula  3  ia  notliing 
tJiat  is,  when 

2  ■\V3/x  =  0  •  2  •  W  aa;  =  0, (5.) 

The  qucsdon,  whether  the  axis  of  a  rotating  piece  is  apermanent 
axis  or  not,  is  teBt«'il  ^!X]M'rimeutidIy  by  making  thepieoo  spin  round 
rapidly  with  its  Hhaft  rt'fiting  in  bearings  which  are  auqiended  bj 
chains  or  oords,  so  as  to  be  at  Uhcrty  to  swing  to  and  fro.  If  the 
axis  is  not  a  permanent  axis,  it  oscillates;  if  it  ia  a  permanent  axis 
it  remains  steady. 

The  practical  application  of  those  principles  to  locomotive  enguac 
will  bo  explainL-d  in  tho  sequel 

SscmOK  3, — 0/  Eff^y  Sttetyj/,  Powor,  and  EJficiency. 

23.  &■•*«  is  a  name  applied  to  a  force  which  acts  on  a  bodv  i 
tlio  direction  of  its  motion  {A,  ,V.,  511). 

If  a  force  is  appHcil  to  a  body  in  a  direcUou  maliiHg  an  acutfl 
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driving;  pointH  be  alike,  thvn  P  heiiig  the  total  efibrt,  the  single 
product  P  V  may  be  put  in  in  place  of  the  Bum  s  •  1*  t» ;  i-educing 
the  above  equation  to 

Pr  .  1    Rr' (2.) 

Referring  iioiir  'U^  Article  9,  let  the  utochinc  be  one  in  which  tho 

cotiijMrative  or  prcporiumaie  volocitiea  of  all  the  jwinta  at  a  (jiveii 

lunttmt  art:;  known  iudepcudeutly  of  their  absulutu  velocltieii,  froui 

tho  oonstruction  of  the,  mai^hino ;  so  that,  for  example,  the  velocity 

of  the  iioint  where  the  retiiatiuioc  R  is  overcome  bean  to  that  of 

the  driving  point  the  ratio 

v 
-=n; 

then  the  condition  of  nnifonu  8|>eed  may  be  thos  cxpnwsed  : — 


nR;. 


.(3.) 


: 


Hint  ift,  the  total  efort  w  equal  to  the  man  of  the  rwutoTteea  reduced  to 
Ute  (Iricing  pomL 

25.  BMi«r— PMtMiiai  BMctvr.  (A.  JT,  514,  517,  593,  650.)— 
Energy  mcana  capacity  for  fier/omiing  work,  and  is  expressed,  like 
work,  hy  the  product  of  a  force  into  a  v.\rtu!e. 

'riie  energy  of  an  eftort,  sfjmetimea  called  "potential  efiar^y**  (to 
distinguiah  it  from  another  fonn  of  energy  to  be  ailerwarda  referred 
to),  IB  iite product  o/t/ie  effort  into  the  dvitanoe  fJirougK  tdtich  it  in 
Ct^pttbls  qfactitiff.  Thus,  if  a  veiglit  of  100  iiounda  be  plncod  at  «n 
elention  of  20  feet  above  the  gronnd,  or  above  tho  lowest  plane 
to  which  the  circumatanoea  of  the  oase  admit  of  itN  <U\sceuding, 
that  weight  lA  said  to  posseMi  potentaal  energy  to  the  amount  itf 
100  X  30  =  2,000  foot-pounds;  which  means,  that  in  desoeoding 
Crom  its  actual  elevation  to  the  lowest  point  of  its  course,  tlie 
vn^it  is  capablg  of  performing  work  to  that  amount. 

To  lake  another  example,  let  there  be  a  reservoir  containing 
10,000,000  gallons  of  wat^r,  in  *nicli  a  fw"»Rition  that  the  centre  of 
gravity  of  the  wans  of  water  in  the  reservuir  ia^lOO  feet  above  the 
lowest  point  to  which  it  ran  be  made  to  descend  while  overcoming 
redstance.  Then  as  a  gallon  of  water  weighs  10  Iba,  the  wet^t  of 
the  store  of  water  is  1  ()(),(>(H),()(>II  Iha,  which  being  multiplied  by 
the  height  through  which  that  weiglit  is  csjiable  of  acting,  100  feet* 
gives  10,000,000,000  foot-pounds  fi.r  the  jrotential  en.Tgy  of  tlio 
weight  of  the  store  of  water. 

26.  EqwkUrr  or  Kmrrtr  Bxoivd  nnd  vr*rfc  Pwrarmrd. — When 
an  edort  Actnolly  does  drive  its  point  of  application  through  ■ 
oertmu  distance,  energy  to  tho  amount  of  the  prffdnot  of  thi.'  nffon 
into  that  distance  ia  sold  to  be  exeried;  and  the  potential  enei;g)r, 
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or  energy  wbich  ranaiiu  eapablo  o/beinff  ex«rted,  is  to  that  anioant 
diminiBbetl. 

Wben  the  energy  is  exerted  in  diiviug  a  machine  at  an  uniform 
gpeedf  it  ia  equal  to  the  toork  perfcrmed. 

To  express  this  algebraicaUy,  let  t  Jenote  the  time  during  which 
the  energy  is  exerted,  v  the  velocity  of  a  driving  point  at  which  an 
offbrt  P  ia  aj^ed,  «  tho  distjiucu  through  which  it  i;^  driven,  v'  tlie 
vrjodty  of  any  working  point  at  which  a  resistance  K  ia  ovcrooDie, 
/  tlie  diBtanoa  through  which  it  is  driven ;  then 

■nd  mtiltipljring  equation  1  of  Article  21  by  the  time  t,  ve  obtain 
■     the  following  t»|uatiou  : — 

I  2'Ptf(  =  S-Ri/«  =  5-P*  =  2-R«'; (1.) 

^H^ch  expresaea  the  equalitj  of  energy  exerted,  and  work  per- 
^^Prmi'd,  for  constant  cflbrts  and  n.-si^tauoc8. 

>Vh*>Q  the  efibrta  and  rcaistance«  >'ary,  it  ix  aufficicnt  to  refer  to 

Article    U,    (o   fthow  iliat  the  aatno    principlu  Is  expressed  aa 

IoUowb; — 

2JTds  =  -S  f  Rd/; (3.) 

vbrra  the  symbol  /  expresses  the  operntiim  of  finding  the  work 

poHbrmed  against  a  varying  resistance,  or  the  energy  exerted  by  a 
■nryin^  e/Turt,  ns  tlie  case  tnny  he;  and  the  symbol  S  expresses  (he 
0mr«taon  of  adding  together  the  quantities  of  energy  exerted,  or 
mA  performed,  aa  tho  caee  muy  be,  at  different  iwints  of  the 

Kuichilir. 

27.  T*ria«  FBci«r»  •€  Cacrgy. — A  qiiantity  of  energy,  lilce  a 

qixsiititT  f'f  work,  may  be  computed  by  multi plying  cither  a  force 

iatij  a  riUitino*-,  or  a  statical  moment  into  an  angulnr  motion,  or  tho 

tatensity  if  "  prf-*Mtire  into  a  volume.     Tht-ac  pi-ocesscs  ha\*u  already 

OTpbtiuf'l  in  detail  in  Artiolf-S  5  and  G. 

SJ^    Tlie  Kmrrgr  mmnttra  in  ProdHclai  ArrdenlUN  {A.   31.,  549) 

tqaat  ti»  thf"  work  of  ncce  If  ration,  whose  aracuiit  has  been  invc»- 

trd  in  Ai'ticK-s  14  A  and  \5. 
29.  The  AccciiTUiMi  B»w«  (J.    Jr.,   fl-li)  by  which   a  givtm 
lucraaM  of  velocity  in   a  givr-n  mans  ia    produced,  and  whioh  t* 

.^.j  i,y  the  dncintf  hodtj  Rj;ainst  tho  drimn  body,  ia  equal  and 

to  to  the  resistADce  duo  to  acceleration  which  the  drivi-u 

■JIM  .  xntJ(  against  the  driving  bodv,  and  whose  ammiut  ha-*  been 

r«i  in  Artiilos  14  A  and  IS.    Riifening,  therefoiv,  t/.  cquatiouH  4 

id  H  of  Article  U  A,  we  find  the  two  following  expreHsiona,  the  firet 

uf  which  gives  the  accvknitiug  ejrrirt  rwjuired  to  produce  a  ^\ftn 
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acceleration  dviaa  body  whose  weight  is  W,  when  the  time  dtin 
which  that  acceleration  is  to  bo  jirotiuced  is  given,  and  the  second, 
the  eamo  Arcolemting  efTort,  when  the  distanoe  d»  =i  vdt'ia  which 
tho  acceleration  ia  to  be  produced  is  given  : — 


W     dv 

g  '  dt 


.(L) 


g  '    d 8        g  '  2d s' 


•m 


It  01   : 

d 


Keferring  next  to  ArCicte  15,  cnae  1,  ve  find  from  eqttfitiona  5, 
a,  and  7,  that  tlie  work  of  acceleration  con'^espouding  to  an  incnsaMi 
1^  A  in  the  angular  velocitj  of  a  rotating  body  whose  momeot  of 
inertia  ia  I,  is 

I  •  rf  (g*)     I  g  «f  a 

Let  dtho  the  time,  and  di  =  ad  t  the  angular  motion  in  whicTi 
that  acceleration  in  to  be  prodncpd ;  let  I'  be  the  accHeruting  etTort, 
and  I  its  leverage,  or  the  |»ornfndiculiir  distance  of  its  line  of  action 
front  the  axis;  then,  according  as  tlie  time  dt,  or  the  angle  di,  u 
given,  we  have  the  two  following  exprcssious  for  tho  cteedaxUing 
couple :— 

^I'l-i' w 


dt' 


a  da 


djn^ 
2di' 


(4,) 


Lastly,  referring  to  Article  15,  owe  2,  equation  9,  wo  find,  that 
if  a  train  of  mochaniwn  cnnsiata  of  various  parts,  and  if  W  be  the 
weight  of  any  one  of  those  ptata,  whose  velocity  if  Ueura  to  that  of 

tlio  drinng  point  o  the  ratio—  -  n,  tlicn  the  accelerating   effort 

which  mnst  I>e  applie<l  to  the  driving  point,  in  order  tlist,  during 
the  iuUTval  d  t,  in  which  the  driving  |Knnt  movefi  Uimugh  the 
distance  ds  =  v  d  t,  that  point  may  iindt-rgu  the  accclcrulion  d  r. 
Mid  eoch  weight  "W  the  correspomllng  ucceleratiou  Hdv,is  given 
by  one  or  other  of  the  two  formnlie — 


(fl.) 
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a             ■  - 
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Vdv        2 
d  a 

dv 

3 

■  dt'" 

d{tr) 

troEED  Am  MMTOKni  ^amoT — AciTAL  canaar. 
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{A.  M.,  52S,  5i9,  930.y—In  ordo>  la  tmmet  a  grra  nVw^tiaii,  or 
diminatioQ  of  the  vdociEj  of  a  gmn  bodr,  z&  •  |pm  ti—^  «r 
wliHe  it  tmvenus  a  givca  dijUpcgy  nmataaet  amt  b«  o|yM|  to 
its  motion  eqoal  to  tb«  eflbrt  wlu^  vdoU  W  i<BqiiircJ  to  pndaee 
m  Oic  »mr  time,  or  in  tha  vae  ■ii^My^  ui  ■iiiJiiiiliiMi  BijaB]  to 
tbp  rctonUtioD. 

A  moving  Ivodj^*  thctcfiiR,  vbQe  beinfr  retsnieil,  wiiriuw  f^- 
jufortM  and  pTjurmM  work;  and  tluu  Vflrk  b  e>}ita]  to  tlte  awf|gr 
cocetted  in  prUloci&g  an  aeoelcTaSaofi  oftlv;  ante  hoAj  equal  tc  tba 
ntarcUtioa 

It  is  for  this  nseon  that  h  hu  b«aB  ■totedf  in  Artid»  13,  (hat 
work  performnl  in  accvlnatii^  the  w^iaeA  ot  tbe  nori^g  (Mow 
at  a  tw*-l.in*i  ii  Bfffe  necMarity  ioat;  tor  tboae  norrii^  FMce%  bf 
returning  to  tlidr  origiDal  apeed,  are  ca{«Us  of  |«Hannitig  am 
equal  amonat  of  worlc  in  oreroouBf  nmtancp;  ■(»  that  tiM  po^ 
formaaoo  of  roefa  voric  i»  not  preTcatnd,  bnt  only  dHeirvd.  Haee 
energy  exi>rtt>d  in  acoelcntioa  ia  aid  to  be  danJ;  and  vben  by  a 
snlavaumt  and  eqoal  mtapdatioa  an  eqnal  aawtint  «f  vork  ia  ptr> 
fiuTOcd,  that  eneigy  a  aud  to  be  rariora£ 

The  dgebraical  mpwiona  for  the  RJatioBS  lietwWB  a  ntetding 

nostance,  and  the  Rtardab'on  whidi  ik  pvodaeoi  is  ■  giTcn  body 

1^  -   ■  ■  •  rliiring  a  ^ren  tine  or  thrtw^  a  grvm  fpaeet  >n  ob- 

:  the  eqnaticiiis  of  Anide  39  amply  by  poUing  R,  tbo 

•  1.  >r  II  nitMtanc*',  instead  of  P,  the  Rrmbol  far  aa  taati,  and 

•.hv  KVTubol  for  a  retudatioo,  initi-ad  of  t/v,  ih^ajmbol  for 

irwki  Cbmv^  (A.  jr.,  517,  5^9)  of  a  tatrriag  body  is 

'    it  is  oi[Mblc  nf  performing  a^ainit  a  ntaroiBg 

hnn^  brought  to  not,  and  ia  equal  to  the  eattgf 

■\  ou  the  body  to  brin:;  h  frtim  a  state  of  rat 

The  ralao  of  thai  qiuntity  is  the  pntbut  ef 

.-  itUo  thu  hagkt  from  vhiek  it  untaf  JaU  to 

.itjf;  that  ii  to  aay^ 


(1) 


total  actual  cnrr^  of  a  inrBtem  of  bodic«,  each  moving  with 
I  owa  vdooity,  is  denotcMi  by 


2, 


and  vben  those  bodies  are  the  pieces  of  a  machine  vhoae 


BTcloaftti  I 


ROBODUCTIQy. 


hmr  drfinito  ntiM  (aoiy  one  of  which  u  denoted  ly  n)  to  the  relo- 

city  of  Ibo  dntiiig  {foiut  v,  tbtdr  total  icttul  energy  is 


^•-'^'• 


.(3.) 


liciog  £X«  product  qf  the  redveed  inertia  (or  co-cffident  of  HtcadiiitiSB, 
as  Mr.  Mowttry  calls  it)  into  tha  haigfU  due  to  lft«  vtioaiy  ^  tha 
driving  point. 

Tlie  Aotiial  oneriBy  of  a  mtatiDg  body  whose  angular  vitlodty  is  a, 
and  iDuDQt'ut  of  iuw-tiu  2  W  r*  =  1,  ia 


a' I 

tig'- 


.(4.) 


that  is,  the  product  ofths  mometU  o/tntrtta  into  the  itaglU  dve  to  the 
teiocitt/,  a,  q/*  a  poiiU,  tohote  tUdance  j'rtna  the  ojcit  0/  rotation  i$ 
unitt/. 

When  a  given  nmonnt  of  energy  is  Alternately  stored  and  re- 
stored by  alternate  increase  and  diminntion  in  the  speed  of  a  ma- 
rlniii.s  the  iicrtual  vxteTfiy  uf  the  machine  is  altoruatvly  increased  aitd 
diiiimivhiid  liy  that  amount. 

AcIuhI  tnit'i^;^,  like  motion,  ia  retativt  only.  TLat  is  to  say,  in 
eaniputiiig  ttiu  actual  energy  of  a  body,  which  it  ihc  capacity  it 
|w«wwifa  of  |*rforuiing  work  utiou  curtain  other  bodiL*s  by  rtxtson 
lifitu  motion,  it  is  thu  motion  reuUivdj/  to  tiiost  Ulier  tudied  that  is 
to  bo  t«kcn  into  uccoimt. 

For  rxamiilo,  if  it  be  wished  to  determine  how  many  tunu  a 
whci'l  iif  a  looounttive  engine,  rotating  witli  ft  given  velocity,  wuuld 
uiiike.  before  being  Htopjwd  bi/  tl(4  friction  o/iin  hearings  t^nly,  bu|>- 
poaing  it  liflvd  out  of  eoutact  with  the  rails, — the  acUial  energy  of 
tluit  wheel  is  to  be  taken  rdaiivdy  to  the  /rams  qf  the  tTtgine  to 
wliioh  (liiiM  Iteurings  ore  lixed,  and  is  simply  the  actual  energy  doe 
to  tlm  rotation.  But  if  the  whtx>l  be  inip|>oeed  to  be  detached  from 
the  engine,  and  it  i«  iiiqnii-e<l  /iqw  high  it  tciU  oAcetid  up  a  per/ecdy 
trniooUt  inclined  plane  hyore  being  ttopped  by  the  aUnxction  <if  the 
rttrth.  tlitn  its  aotnal  energy  is  to  be  taken  relatively  to  the  eartk; 
(hat  is  to  fay,  to  the  energy  of  rotation  already  mentioned,  is  to  be 
added  the  i>nergT  dno  to  Uie  trtaula^on  or  forward  motion  of  the 
whii'l  along  with  its  lucij*. 

32.  A  llrclpneoilNa  Perec  {A.  J/.,  55&)  IS  a  fOTCe  whtoh  ttCtft 
altt^nuitoly  as  an  etfort  and  as  an  equal  and  opposite  resistanoe^ 
lUMxirdiiig  to  the  diivction  of  mutiou  of  the  bofly.  Bucb  a  force  ts 
iho  weight  of  a  moving  piyce  vrhoso  centre  of  gravity  ult«mstety 
I  Mod  fdlhf  and  wch  is  tlic  elasticity  of  a  perfectly  elastio  bo^f. 


t 


RWrFBOCATDTO  FORCE — PERIODiaU.   MOTIOX.  37 

The  work  which  a  body  performs  m  moving  against  a  reciprocating 
force  ia  cmplojed  in  incn-asiug  its  own  i>ot«ntial  eccr^,  uud  is  not 
loBt  bj  the  body;  m>  that  by  the  motion  of  a  body  alternately 
apunit  and  with  a  reciprocatLdf:;  force,  energy  is  ttond  aod  r»- 
Aortd^  B3  well  as  by  alternate  acceleration  and  retardation. 

Let  J  W  denote  the  wwight  of  the  wLglo  of  the  moving  pieceit 
of  aoy  machino,  and  h  a  height  through  which  the  ocminion  ceutro 
of  grmvity  of  them  all  is  altenmtcJy  mwd  and  lowen.HL  Thuu  thu 
quantity  of  enei^7<—  A  J  W 

is  stored  while  tha  centre  of  gravity  ia  rising,  and  restored  while  it 
is  falling. 

ThcBO  principles  are  illustrated  by  the  action  of  the  plungers  of 
a  singte  acting  pumping  itteam  engine.  The  weight  of  those 
plmgets  acts  aa  a  resi^stance  while  they  arc  bi-ing  lilted  by  the 
pressure  of  tjio  steam  on  the  piston ;  and  the  same  weight  acts  as 
O&brt  when  the  plungers  dpsicend  and  drive  bofore  them  the  water 
with  which  the  pump  borreU  liuve  been  filk-d.  Thus,  tliu  nusr/^ 
exwted  by  the  steam  on  the  plgton  is  etore*!  during  the  up-stroke 
of  tlio  plungers ;  and  dnriiig  tlicir  down-stroke  thu  umie  amount  of 
«nergy  is  realDred,  and  employed  in  pei-fonniug  the  work  uf  raibtng 
water  and  overcoming  its  friction. 

33).  P«n»dirai  aiMio^  {A.  M.,  553.) — If  a  body  moveH  in  such 
manner  that  it  periodically  returns  to  its  original  velocity,  then 
the  eitd  of  each  |ieriod,  tlic  entire  variation  of  its  actual  energy 
nothing;  and  if,  during  any  part  of  the  [wriod  of  motion,  energy 
kte  been  stored  by  aeccilc  ration  of  the  body,  the  same  quantity  of 
energy  exactly  most  have  been  during  another  part  of  the  period 
restored  by  retardation  of  the  body. 

If  the  blxly  also  retumM  in  the  cjuree  of  (lie  same  j»crio<i  to  the 
■me  position  rclutivclr  to  all  iKHliea  which  exert  reciprocating 
focvea  on  it — for  uxaoiple,  if  it  rfjturns  periodicnlly  to  the  oame 
elevatioQ  relatively  to  the  earth's  nuriaco — any  quantity  of  energy 
which  has  y»tni  stored  ibiring  one  part  of  the  period  by  moving 
i^sjnst  r».-ipnxating  foiT*^  must  have  been  exactly  restored  during 
r  part  of  tlie  [M-riod. 
1  i  iiCB  at  Ote  ettd  o/meh  period,  iJie  equality  ofaieryj/  and  tcorff, 
ta^  iJte  ttolaarjs  of  mean  edbrt  aind  mtsw.  reabtaucv,  iwUl»  with 
rtspirrf  to  thr  diyriruj  rffort  <ntd  the  tmttat^ea^  exactly  as  if  the  itpwd 
%/  ■('  (lie  reciprocating  /onxt  nuU;  and  all  the  etpu*- 

li,  1  .24  an"!  :i*»  are  applicable  to  iierio^lic  motion,  pro- 

Tilted  Uuu  in  tho  yquatioun  of  ^Vrtiele  2 1 ,  and  equation  1  of  Ailicle 
S6,  P,  It,  and  V  are  held  to  cienote  the  rrKan  vtdw^  of  the  eftorU, 
niAstaiicv^,  and  vi-locitii's, — that  e  and  «*  are  held  to  denote-  rtjiacea 
Inuved  Lhnjiigh  in  one  or  more  entire  yrutds, — and  that  iu  eqnSr 


3d 


isTRODucnoy. 


tioD  3  c^  Article  26.  th«  int^rations  denoted  by    f  lie  held  to 

extontt  to  one  or  im>re  entire perioda. 

Thcw  priDciitlf*  are  ilUiatj-atod  by  the  ateam  engina  The  velo- 
cities of  iu  moving  parts  are  coDtimmlly  vur^'ing,  and  thmo  uf 
some  of  theni,  siicli  u  the  purton,  »re  [>enodicH.IIy  rut-cnied  in  flirec 
tion.  But  at  Um  end  of  e«ch  [leriod,  willed  a  rewiutwn,  or  daubla- 
strolx,  evci^-  piii-t  rctumfi  to  ita  ori^^inal  [Kxjitiou  and  velocitj ;  m 
that  the  equaiUy  of  energy  and  work,  und  the  tijnatity  a/Ute  fRdm 
effort  to  tiie  niean  rtai^aHce  rtduced  to  U*e  driciny  yi/iiU, — that  i^ 
the  eqiiaJity  of  the  m^n  ortecti%'o  proaaiire  of  the  steam  on  th»  |^ 
toD  U}  the  uifaii  t^jlul  resistamx  rt^iioed  to  the  pUtun^iuU  for 
one  or  any  whulo  uuniber  of  ei/mplete  revolutions,  exactly  a*  for 
uuirorm  speed. 

It  tho*  apjiears  that  thei-e  are  two  fundamental ly  difi^rpiit  ways 
of  ooasideriag  a  periodically  moving  machine,  each  of  which  must 
be  employed  in  saoceeaion,  in  order  to  obtAin  a  complete  knowledge 
of  its  working. 

I.  In  tlie  tirst  place  ia  conmdei-ed  the  action  of  the  machine 
during  one  or  more  whole  jicriods,  with  a  vivw  to  the  determina- 
tion of  the  relation  between  the  mean  TcnjitanceR  and  mean  vtt'orta; 
and  of  the  EPPiciESCY;  that  is,  the  ratio  which  the  ttw/id.  part  of 
it«  work  bears  to  the  wholu  ex]ienditiiro  of  energy.  The  motion  of 
evprj-  onlimirj"  muchiue  is  cither  uniform  or  ]N:riotlical. 

II.  Id  the  nerv^nd  plare  16  to  l>c  conaidercd  the  action  of  (Jm 
machine  during  intcn-alK  of  time  less  than  its  period,  in  order  to 
determine  the  law  of  the  |)criodic  changes  in  the  motions  of  th4 
pieces  of  which  the  machine  oon.>u8t8,  and  of  the  |>er)odio  or  reci}>> 
rocatiug  foiv-es  by  which  auch.  changes  are  produced. 

34.  «ianu«  «nri  MtoFpiNB.  (J.  Af.,  6!^1.) — The  ttarting  of  a 
machine  consists  iu  eetling  it  in  motion  from  a  Htate  of  rest,  and 
bringing  it  up  to  ittt  profM^r  mpitii  xx-lcK^ity.  lliis  oiwmtion  re<)uire0 
the  exertion,  besides  the  etirr^"  nHjuii-cd  to  ovci-come  the  mean  re- 
eistauoe,  of  an  additioiuU  quitiitity  of  eiierg>'  eqiuil  to  the  uctnal 
energy  of  the  machine  when  moving  with  ita  meuu  VL-locity,  as  fpuud 
according  to  the  principles  of  Article  31. 

If,  in  onler  to  «to>  a  machine,  the  effort  of  the  prime  mover  is 
simply  giis)H.'nd*»d,  uie  machine  will  continue  to  go  until  work  has 
U>i'n  ijerfimriwl  in  orercoming  rofiistane<w  equal  to  the  nctunl  energy 
due  to  the  speed  of  the  machine  at  the  time  of  suftpending  the  effort 
of  the  prime  mover. 

In  order  to  diminish  the  dme  required  by  this  operation,  tha 
resistance  may  lie  increased  by  means  of  the  friction  of  a  broJx, 
DraktRt  will  be  furtlier  desciiWil  in  (he  sequeL 

3d.  The  sactewr  of  a  machine  {A.  M.,  660,  664)  has  alraody 
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iHlMt'defiDed  to  W  &  fi-action  expi-cKuiig  tlie  ntio  of  thft  unefnl 
work  t«  the  whol^  work  peHWiinMl,  wliicli  \a  ct^jtial  to  the  t'nei^ 
ex|K3ittwi  The  limit  to  the  efficieinry  of  a  nuu>hine  is  nrtiti/,  denot- 
ing llie  ffficicRcy  of  a  perfect  uiarliiuc  in  wliich  nu  work  is  loat. 
Tin*  c'bjf'ct  of  ini|irovfmt'nta  iu  machines  ia  to  bring  thoir  effifima^ 
im  n<-ftr  to  iiiiity  us  [xxsfiihlt-. 

As  Txi  u»-'ful  aud  lodt  work,  sec  Article  IS.  The  algebraical  ex- 
prnsion  ol'thp  ptKcif-ncy  of  a  nuu^hioe  having  uniform  or  pprio«li«d 
10041011, 19  obtained  by  introducing  I-Ir!  distinction  lietwcvn  useful 
mnd  tost  work  into  thovquHtiocsuf  the  consorvatioii  ofvnc-no*'  Thus, 
let  P  d4^ut«  the  nie&n  effort  at  the  driviog  point.  » the  apnce  de- 
HOribed  b)r  it  in  A  given  int^rral  of  time,  bciug  ft  m-hole  number  of 
periods  or  rvvolutiouti,  R,  the  uieun  useful  resintance,  «,  the  sptice 
through  which  it  is  overcome  in  the  (fame  int<^rvul,  It,  any  one  of 
the  pR-jiidicial  revistauces, «,  the  Kjtoce  through  which  it  ia  over- 
come;  then 

P#=U  5,  +  2  -R,*,; (1.) 


id  the  efllcieDCT'  of  the  Piachinu  is  ex|)ntie«>d  hy 


■m 


In  manj  cases  the  lost  work  of  a  machine,  R,  i^  consintfl  of  a  con* 
sbuii  part,  and  of  a  mrt  Wiring  to  tiio  useful  wodt  a  proportion 
dsponding  iu  some  drtinit*  manner  on  the  aize^  figures,  ormuge* 
meot,  and  connection  of  the  pieces  of  the  train,  on  which  also  de- 
pmds  Che  conittant  port  of  the  tfwt  work.  In  imch  casea  the  whole 
fntrgy  expcudi-d  and  the  efficiency  of  tlio  machine  an*  expressed  hj 
Ui«  eutiatioDi 

P.  =  (1+A)R,«,  +  B; 

R,  •. ? 


(3.) 


md  the  fin-t  of  the.se  h  tlie  mathematicid  expression  of  what  Mr. 
MuM-ler  t.^lliii  the  "  modulus"  of  a  uiochitic. 

Tht'  iiM-ful  work  of  un  intermediate  piece  iu  a  train  of  mcchautsm 
couRiHta  iu  driving  the  piw-e  which  follows  it,  and  ia  less  than  the 
eDPTcy  eifiTted  upon  it  by  tbe  umouut.  of  the  work  lost  in  overcom- 
ing »t»  own  frietiun.  Il«'ni!f  the  etticiency  of  uuch  an  iutcnofdiatti 
nieoo  in  the  ratio  of  the  work  |M'rfoiiiiwl  by  it  in  driving  the  fullow- 
ing  piece,  to  the  energy  exerted  on  it  by  the  preceding  piece ;  and  it 
ia  e\-ideut  tlwit  Mt  ejirieiu^t/  of  /»  machine  i»  the  yrodurt  of  tfu  b/K- 
ciettrii^  of'  the  #cn«p  o/  mon'm/ V****»  loticA  IraitanU  eiietyt/  from  the 
drimng  jwtiU  to  t/i«  working  poitiL 


: 


Tho  same  principle  applies  to  a  traiu  uf  suocesnve  machinMf  each 
driving  that  whidi  fultowa  it. 

36.  P«w«r  K^  EiTnci— noiwftaPawrr. — llie  pouxT  of  a  maclutio 
ia  tho  energy  exerted,  and  the  ejft-ct,  the  useful  work  i)erfoniieilf  in 
Honie  inton'al  of  time  of  definite  lt^ng;tli,  eiioh  as  a  aecoud,  a  minute, 
an  hour,  or  a  day. 

The  unit  of  power  called  conventionally  a  Korm-poteer,  is  650 
foot-pounds  per  second,  or  3:(,U00  foot-jwunds  per  minute,  or 
1,1)80,000  foot-pounda  |>ur  liour.  The  effect  is  eqnal  to  the  power 
mtdUpliod  by  thn  t-ffiftiency.  The  loss  of  power  is  the  difierence 
between  the  effect  and  the  power.     (See  also  Artide  3.) 

37.  cscnenii  G^vMtton.^ — TIiu  following  general  eqwttion  pres«jnt«i 
at  one  view  the  principlpB  of  tlie  action  of  maohinee,  whetlier  mov- 
ing naiformly,  pcriudically,  or  otherwise: — 


jpds^jj lid,/  =^  K:yy  +  i 


•W(r;-trO 

^9 


where  W  is  the  weight  of  any  moving  piece  of  tlie  Tnachino; 

A,  when  |K>3itivu,  the  elevation,  iiud  when  negative,  the  dopres- 
Bion,  which  the  common  centre  of  gravity  of  all  tho  moving  ))iec«8 
uadergoetf  to  ilw  iutenal  of  time  under  cuti-sideration;  r,  tlic  velo- 
city at  the  beginning,  and  v,  the  velocity  at  the  e.ncl,  of  the  interval 
in  <|uci4tinn,  with  wliich  a  gi%'cn  ]iarticlo  of  tho  tnachiue  of  tha 
weight  W  is  moving; 

g,  tlie  accokratiuu  which  gravity  causes  in  a  Bccondf  or  32'2  feet 
per  aecond ; 

[  B,  d  i^,  the  work  performed  in  overcoming  any  reaistann 

during  the  interval  in  question ; 

1  P  t/ »,  the  inRrgy  exerted  during  tho  inl«rvnl  in  qttesticm.      ^ 

Thefiecond  and  third  tf-miB  of  tiie  riglit  hand  Aide,  when  padt£^ 
are  etiergy  stored;  whuu  negative,  enerfft/  restored, 

Tlie  priuciple  represented  by  the  equation  ia  expreesed  in  vcnda 
as  follows ; — ■ 

Tftt  energy  exerted,  added  to  lAe  *nergy  reetored^  ia  equcU  to  t/i$ 
cneryy  atortd  added  to  the  work  perfcrfixed. 

BlonoN  4 — Of  Pynumonieter*. 

nS.  DymMAMcion  arc  ijintnimenta  for  mtra^iiriDg  and  reoordiflf 
the  energy  exerted  and  work  i>crformed  by  maduuea.  They  ni^ 
be  clashed  a-s  foUowK : — 

L  Insti-nmenta  which  merely  iWica/s  /Ae  ,^tw  exerted  botweai 
A  dtivujj^  body  and  a  driven  body   leaving  the  difUotee  throu^ 


vliid  tkat  Umt  is  curted.  «a  fa» 
uiUawiiie  are  ezsunpki  of  kUi  tiiB: 

«,  The  vei^  of  a  aofid  fco47  "^  ^  w 
the  nurtknce  to  be  nyiiBii,  aa  is  Mr.  fritt 
nenks  oa  (be  rraitiiwui  of  eioal  VaaC^  Bdbfafcad  im  Iks 
tWM  <6rrt«  JByrf  Sctittg  ^.Frmdmtimi,  wj.  pt. 

&.  Tim  mitM  iifi  iwlnMB  ■ffifwl^j  \m 
•nd  neuvra  the  cAbrt  ■■jukad  to  diag  *< 
M  in  like  meremiil  iljiMiwwifii  iuiiiSii  hf. 
Kdntbui^D. 
f.  Th«  ATukUe  tnetfj  vt  •  pma  wnr  hbt  W 
]«rt  in  areroomiiig  frirtiott,  the 
•  veig^t^  as  in  iVMijr'a  ^fMBi^iiti^  ^  ^ 

ly  licaeribed. 
i£.  A  ipriiig  li^moe  11187-  ^  u»<Myo«J  lacaats  • 
mad  *  bod;  vlieae  ttritftace  it  orsBEaa^  ao  aa  to 
inalanl  the  n^iutads  cf  tkat  icaitoMe. 

IL  InstnuMsito  wfakfa  neantf  at  one*  tW  JbrsE, 
■Norir  of  a  ma^jn^,  hf  dimgiag  »  Kaa^ 
caae  maj  be  {aodi  m  that  ikm  ia  fig.  3.  Aitida  11^ 
■Uii  iawi  repRaeot  od  a  fntaUe  acale  dw 
ill  urdiaataa  tfae  eopBytfag 
the  trarfcperibcmed. 
A  dyimmfliftrttrof  AiidaMC—wto— liJyrf*—] 
a  miiig  w^oae  d^eetn 

J  bodr  aad  a  dnrea  bofl^,  ami  a  }mad.  of  faps;  «v  a  < 
st  ri{g>kt  an^lea  to  the  &xtctiem  of  4^aelHa  W  the 
M  TeJodtj  b«aziiig  a  kaora  cawiaaA  vopvtiaa  to  Ifcr 
kkhthe  rawtu 
penal,  wkkh  naAaoa  tWnfV«r«ud  the 
Awiag  exaA|iea  cf  thii  ctaa  af  iHitn^H^to  «n  1* 
in  tha  nqaol:— 
'ilfrin^a  TracCioa 
ft.  Blarin  b  Rutalurj' 
e.    Watt  and  IfKan^Va  Slcna  BngiDe  Ipdiotoe. 

in.  TiMl Miita^riiA  laggrftU-wwk 

iMrtanrr  and  motion  WMfatdT. 

39.iw^>i«  »;  ■  ■  »■■  '^  s 

iMBflnna  the  twuul  wuvk  penon&ed  J^^a^H 

by  a  prme  morer.  bjr  eaadag  the  J^^^ 

vhol^  o(  that  wosk  to  be  expand  ^^  ^ 

oTcro^oung  the  Metaon  of  a  ^•'^ 


la 


IV  It- 


baakc     In  ^  13.  A 

erfindTKol    dram,  diivtn  W  tha 

I>tiiDe  numb    Tbo  Uock  P.  anachid  to  Iba  kw  BC, 
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Btnaller  blocks  with  ivliich  the  ch&in  E  is  shod,  form  a  Inuke  vbidl 
embrocea  the  dnim,  ami  aliieh  is  tifjhteueil  by  m«inB  of  the  acrevi 
F,  F,  antil  its  friction  ia  sutGcient  to  cause  the  drum  to  rotate  al 
an  unifonn  »?peed.  The  end  C  of  tiie  lever  Cftrrirs  a  tMvilc  G,  in 
which  weighto  are  placed  to  an  amount  juMt  siitfidcut  tu  lialaDca 
Uu-  frictinn,  and  keep  the  Itrnr  horiamtjU.  The  lever  ought  to  b» 
HO  loaded  at  B  that  whuD  there  are  no  wci|;hts  in  the  iMsUe.  it  ahaU 
be  balanced  npon  the  axis.  The  lever  ia  prevent*^  from  deviatii^ 
to  sLDy  inconvcnitiot  extent  from  a  horizoutul  position  by  means  a 
eafc-ty  gtojie  or  guiirrk  II,  K. 

The  WL-iglit  uf  the  tuad  in  the  scale  which  faalaoccs  the  frictioa 
being  multiplicil  into  the  horiz<^ntal  distance  of  the  point  of  suHpefr 
nion  C  from  the  bxir,  gives  the  moment  o//rietuitt,  which  beiii| 
malUplitxl  iuto  the  auj;iilar  velocity  of  the  dnira,  gives  the  rale  q 
uujiu  vx>rk  or  effeetvx  power  of  the  j>nrao  mover. 

Aa  the  whole  of  that  power  is  cxiK'ndcd  in  overcoming  the  tn^ 
tioQ  between  the  drum  and  tho  brake,  the  heat  pnniitced  i«  in 
general  considerable;  and  a  stream  of  water  mujut  be  directed  on 
Uie  ruViblng  surfiices  to  abstract  that  heaL 

Tlie  frietioQ  dynamometer  is  simple  and  easily  made;  but  it  h 
ill  adapted  to  mea»nre  a  variable  eJTort ;  and  it  requiivjt  that  whei 
tho  power  uf  a  pniuo  mover  is  mcaf<ured,  it<t  ordiiiury  work  nhonld 
bo  interrupted,  which  in  inconvenient  and  Hometimex  impi-HCttcafaI«, 

40,  n«riB'a  TractlMi  l>rMBHMi<4gr. — TllC  di-soripti<;il3  of  thlfl 
and  some  other  dj-namometers  invented  by  Gcniinti  Morin  an 
abridged  from  his  works  untitled  6*«r  qnclques  AppartiU  tl;fnamO' 
metriquet  and  Notiomfoiuiamentala  da  Mccaniqne. 

Fig.  13  is  a  phin  and  fig.  13  a  an  elevation  of  a  dj*naraoraetcr  for 
recoraing  by  a  diagram  tilie  work  of  dragging  a  load  horizontally^ 
a  a,  bht  arc  a  pair  uf  steel  springK,  through  which  the  tractiw 
force  is  transmitted,  and  which  serve  by  their  ditflection  to  mRasnro 
that  fiircu.  'I'huy  are  coimccted  together  at  the  ends  by  the  steel 
links  y^/  The  eflbrt  of  the  prime  movur  is  applitrd,  through  thtt 
link  r,  to  the  gland  d,  which  ia  fixed  on  the  uiiddle  of  the  fore- 
most spriug;  toe  eqiul  and  opposite  re&istanoe  of  the  veliicle  ii 
applied  to  tho  ghind  e,  whicli  is  fixed  on  the  middle  uf  the  after- 
most spring.  When  no  tractive  force  is  ezerto<l,  the  inward  iaaa 
of  tbe  springs  are  straight  and  parallel ;  whtn.  ti  foi-ce  is  exerted, 
the  springs  ore  bent,  and  are  drawn  ajmrt,  tlirough  a  cUstance  pro- 
portional to  the  force.  Tho  springs  aro  protw-tcd  ajjiiiust  being 
bent  so  far  as  to  injure  them  by  iiieami  of  the  safety  bridles  i,  ^ 
with  their  boltn  e,  ft  Those  bridles  are  carried  by  the  after-gland, 
and  their  bolts  serve  to  stop  the  fi>P'most  spriug  when  it  ia  drawn  I 
furwan)  as  far  as  Ib  consistent  with  the  preservation  of  clasticitjr  I 
and  streiij^h.  ^^J 
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[Tlte  frame  of  tlic  appontia  far  giving  Hotiua  to  the  jmpet  land 


ns-ts. 


i>         '    ''v  the  after-glaud   Tlie  princi]ni  jttrta  of  tlut  appwmtai 
ft.  .wring; — 

I,  Store  limtu  oa  which  th«  J»\fn  buml  is  n>U«d  heforv  the  oom- 
Bt  of  the  experiment,  and  off  which  it  is  dr&va  m  tha 
irat  proceods; 

aog-tip  dnnn,  to  which  one  cod  of  the  paper  hand  n  g^wi^ 

lirh  draw^  nl'tntr  ^^d  rolU  np  the  pap^r  hand  witli  a  Trtortty 

tionol  to  that  uf  ttic  vi'lude.    FIx4.h1  ua  the  axil  of  this  flmai 

haiHtij^  a  epimt  gr>>"^<^  rr>tiD'I  it,  whc^o  ntdios  gndaaUy 

at  the  nanus  mU;  tu  lliut  nt  wLich  the  cflectire  nuliiu  of 

dram  ^  it  increaaed  during  its  motioD  by  the  ntlling  nf  «ii«*»- 
re  cwla  of  paper  uixm  it  The  ol»jwt  uf  llus  iji  to  piwcnt  that 
jf  the  ea'ftctive  mditis  of  the  dniin  from  accdomting  the 
/Of  UiQ  pnj»-r  ImuuI; 
n  U  a  drum  which  n^x'ives  thpoufth  a  train  of  whe«Ivork  and 
udlcMK  KTcwM,  a  vt^looity  proportional  to  thiil  of  tliu  wboeb  ot  the 
rehidr,  and  wUicli,  li>-  me&Dit  of  a  cord,  drirea  the  (uaee.  The 
mwliiiuitfrn  i&  usiialty  an  designed  that  the  paper  moves  at  ooe- 
,j  ■..  'li  of  tliu  8|)C(."d  of  the  v«.'hiele. 

Jictu'eeo  the  dmiiut  /  and  </,  there  are  three  nnaU  rallets  to  •ap> 
port  the  [Nipcr  tuiiid  and  bcr^p  it  atAu)y. 

One  of  tue  mlcly  bridlra  ouriutt  a  jkdcU  1;  wliich,  being  at  rtsfc 
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relatJTcly  to  Uie  fnuno  of  tbc  rocording  apparatus,  bnces  t 
straight  line  on  tlie  band  of  paper  a£  the  latter  tnvels  bubv 
%ho  peuciL  That  liuu  is  calleij  the  sero  lirtCf  and  oorresponds  to 
O  X  in  rig.  3. 

An  arm  fixed  to  the  forvrard  gland  carrieA  another  pr-ticil,  vhow 
position  is  adjusted  before  tho  ex[)eriiuent,  bo  that  when  there  it 
no  tractive  fnrci;  ita  point  restfl  on  the  a>ra  linn.  During  tlio  ex- 
perimrnt,  tliis  pencil  tractn  on  tbo  iia]icr  baud  a  line  euch  as 
£  R  G,  tig.  3,  whoiio  ordinato  or  dlKtanco  from  any  given  point  in 
the  zero  line  ia  the  dvtlcxtion  of  the  pair  of  spring,  and  prD|jnr- 
tional  to  the  tractive  force,  at  the  correBpocding  point  in  the  jour- 
ney of  the  vfihiclo. 

The  areas  of  the  dingrains  drawn  by  this  apparatus,  rcjircscntiDtf 
qnantttics  of  wnrk,  nmy  be  found  either  by  the  method  described 
in  ArUclea  11,  11  a.  or  by  an  instninient  for  measuring  thi^areaa  of 
plane  figures,  called  the  Planimctcr,  of  which  %'unoua  fonns  hare 
bi'en  inveutod  by  Ernst,  Sang,  Clerk  Maxwell,  Amstler,  and 
others. 

A  third  pencil,  actuated  l^  a  clock,  ia  sometimes  caxiaed  to  mark 
;  aonea  of  dote  on  the  paper  hand  at  equal  intervals  of  time,  and 

to  record  the  cliangi^a  of  velocity. 

When  one  vehicle  (snch  as  a  locomotive  engine)  di-ags  one  or 
more  others,  the  apparutua  may,  if  convenient,  be  turned  hind  aide 
before,  and  carried  by  the  foremost  vehicle.  In  sarh  a  case  tlui 
motion  of  the  bond  of  ptiper  ought  to  be  derived,  not  from  a  driving 
■whct'l,  whirh  is  liable  to  slip,  biit  from  a  bearing  whw;L 

When  thu  ap]»Lmtu9  is  used  to  i-ecord  the  tractive  force  and 
work  perlbmied  in  towing  a  vewel,  the  apparatojB  for  moving  the 

eaper  ban<l  nwiy  be  driven  Xxy  meana  of  a  wbcel  or  fan,  acted  upoa 
y  the  water;  in  ■which  casp,  the  ratio  of  the  velocity  of  tho  bond 
to  that  of  tho  vessel  should  be  determined  by  experiment. 

Owing  to  tho  varii'tiea  which  exist  in  the  elasticity  of  st«el,  tlie 
rvlotion  between  the  deflections  of  the  springs  and  tho  trac<ivo 
forces  con  only  bo  roughly  rjdculftt<>d  befori-liiKid,  and  whould  l>e 
determined  exactly  by  direct  experiment — that  ix,  by  hanging 
known  weights  to  the  springs  and  noting  the  deflections 

The  bf«L  form  of  lungitutlioal  section  for  cadi  spring  is  tltat 
which  gives  the  greatest  flexibility  for  a  given  atrengtli,  and  con- 
siBt*  of  two  pfimlwlaa,  having  their  vcrtiot-a  at  the  twu  euda  of  tlio 
apriug,  and  mt-L-ting  base  to  base  in  the  middle — that  la  to  say,  the 
thickiiees  of  the  spring  at  any  given  {xunt  of  its  loi);.'ih  should  be 
pro|mrtioual  to  the  square  root  of  the  distance  of  that  point  from 
tho  nearest  end  of  the  s]iring.  I'n  express  this  by  a  formula,  let 
c  bo  the  half-length  of  the  spring; 
h  the  thicknees  in  the  middle; 
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of  anjr  point  in  the  luring  from  tW  aod 
tTtv^V^y*"  at  that  point;  tben 

*=*V? (•-) 

inaidtli  of  each  spring  aboidd  be  nnifomi,  and,  accurding 
Morin,  shoald  not  exceed  from  lltoS  inobea     Let  it  be 
hfb. 

iltowing  ia  the  fonnnia  for  calevlatioy  beCocchand  the  pr^  ^ 
defltfctioo  of  a  given  pair  of  ^oii^  under  a  giTeo 


dimennons  e^  A,  6,  be  stated  in  incfaea,  and  the  finrc  P 

denote  the  deflection  in  iuch«& 

denol«  the  <  -!a$ticity  of  nXe^\,  in  povndi  on  4*^ 

ich.     Its  mJ<t  -rent  spedmens  of  gteel,  vanes  ftoB 

to  42,000,UUO,  the  smaller  TiJDea  being  the  mo«t  ocn*- 
Fben 

y  =  «:L^ (1) 

deflection  ihonid  not  be  permitted  to  exceed  about  «■»■ 
Ut  of  the  length  of  the  springs. 

]mW»  mmm»*n  nrm»mmmw»n  i> repreaeuted  io  fiffl.  14,  Mm, 


tis-tt. 


Fi£.14a. 


rtQgacd  to  record  Uie  work  performed  by  a  priTn^  mover  in 
•''^'■,  rotatory  motion  to  aiij  nmcliioe.     A  in  a  fuAt  puUrj, 


4C 
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and  C  a  loose  pulley,  on  the  samo  shaft.  A  belt  tnuumita  motion 
from  Oic  prime  mover  to  one  oi-  oLhcr  of  Utos»  pulloys  according  aa 
it  is  dcjiinrd  to  tranamit  motion  to  the  »halt  or  not 

A  tliird  pnllpy,  B,  on  tho  Kime  sliaft,  carrit«  the  Wit  whirlt 
traosmiU  motion  to  tbu  machine  to  be  driven.  Tfaia  pnllpy  is  also 
loose  on  the  filmft  to  a,  cerU»iu  cxt^'nt,  so  tluit  it  is  cftjiable  of  mov- 
ing relatively  to  the  shol't,  backwards  and  fonvards  through  a  pmall 
arc,  BulHciont  to  admit  of  the  deflection  of  a  steel  spring  by  which 
motion  is  transmitted  fram  the  shaft  to  the  jnijley. 

One  end  of  that  spring  is  fixed  to  the  ttbufl,  so  thnt  the  spring 
projects  from  the  shaft  like  an  arm,  and  rotates  along  "with  it. 
Tho  other  end  of  tlio  spring  is  connertfld  with  the  pnlley  B  near  ita 
circumference,  and  is  thu  means  of  diiving  timt  pulley;  su  tliat  the 

r'ng  nndergoea  deflection  proportional  to  the  effort  exert^jd  by 
shaft  on  the  pulley. 
A  fi-nme  projecting  radially  like  «n  ami  fn^m  the  shaft,  and 
rotatuig  along  with  it,  carries  an  apparatus  similar  to  that  used  in 
the  tnictjon  dynamometer,  for  making  a  band  of  pn]>fr  move  tntU- 
ally  with  respect  to  the  shaft  with  a  velocity  proportional  to  the 
ij|>ocd  with  which  the  sltaft  ruL^ites.  A  |M.-ncil  uirried  by  this  feuue 
tntced  a  zero  line  on  the  paper  band;  and  another  pencil  carried 
by  the  end  of  tho  Bpring,  tntccs  a  line  whoso  onUnatos  represent 
the  forces  exerted,  jnst  as  in  the  traction  dynAmometer. 

The  mechaiiit^m  for  moving  the  piiper  band  is  driven  by  a  toothed 
ring  siiiTonnding  the  shaft,  and  kept  at  rest  while  the  shaft  rotates 
by  means  of  a  catch.  When  that  catch  is  drawn  back,  the  toothed 
ring  is  set  free,  rotates  along  with  the  shaft,  and  ceases  to  drire 
the  mechanism;  and  tlnia  the  motion  of  the  paper  band  can  be 
stopped  if  nffcessary.     (S«>e  Adti«ii<lmii,  piigc*  SO.) 

42.  mariM**  ■■uvraUug  ujMButtnMvitr*  n^cord  simply  the  work 
pcrformofi  in  dragging  a  vehicle  or  driving  a  machine,  without  re- 
cording fceparatoly  the  force  ami  the  motion.    The  genetul  princijde 
of  the  method  by  which  this  is  effected  is  shown  by  fig.   15,  in 
I  which  A  rcpi^eseuts  a  plmie  circular 

^^L  ''*'~»--^ Jt  disc,  niailo  to  TOtato  with  an  angular 

^^^  /''^     ^^*^^ia«  velocity  propoi-lional  to  the  sjieed  of 

^^H  g>-,^      '''\^^r^  '-^^  _    Hh*  motion  of  the  vehicle  or  machins, 

^^^^^         ^ and  B  a  small  wheel  driven  by  (be 

^^^^H  1 1  friction  of  tlio  disc  against  its  edge, 

^^^1^^  r^  i^  and  having  ita  axis   parallel  to  a 

^^M  radius  of  the  diso.     Tho  wheol  B, 

^™        and   some   mechanism  which   it   drives,  are  carried  by  a  fram* 
r  which  IS  carried  by  one  of  tho  dyuainomet^T  springs,  and  bo  ad- 

I  justed  thnt  the  distance  of  the  eJge  of  B  from  the  centre  of  A  is 

I  e^iial  to  the  deflection  of  the  springs,  and  ptvportioual  to  the  eiTort. 


I 


M^B  IfaUof  Ibe 
Aftifm^  exteoded. 

«rA»abauiaadti»t 

\mAeunntt 
ft  acmleirluMa 
■ao  doMCes  tlw  j  i  imimi  i  f^ll«  aiaayW^  «aij  vfckb  is  gradoated 
isto  pavDds  oa  tfce  iqvuv  iacb  wth  wfi^Knh  mad  dawnwda 

F  b  m  bnH  dnoB,  wUoh  nitaia  lac^vazd  aad  Conrard  about  a 
Tertaeal  axii^  aad  wU^^mb  aboai  to  be  oaed,  tseonnd  -with  a 
fieoe  of  pi^cr  called  a  "oitiL'*  It  a  aheniatciy  polled  round  iu 
one  fifeetioB  hf  tbe  cord  H,  vbkb  vts{»  <hi  th«  polkj  G,  uid 
polled  ba^  to  ita  or^iBal  p?ii*i^  I17-  a  ■fting  conlahMid  aithm 
itaell  Thecori  H  fa  to  be  aqmaaied  widi  the  mtidanttni  of  tba 
■team  en^^  id  any  eonyemeot  Banaer  vbi^  diaQ  insure  tint 
the  T^oatf  of  rotation  of  the  dnim  shall  at  eregy  instant  bear  » 
ooostant  ratio  to  that  of  the  etcam  engxae  piston :  the  back  and 
ferrard  inotioo  of  the  sdt&ob  of  the  dnm  ifia<wii)iii(^  that  of  the 
ateam  engine  puton  on  a  reduced  scale.  This  faftving  b««n  done, 
and  before  opening  th#  cock  K,  the  pencil  is  to  be  placed  in  coa> 
tact  with  the  drum  daring  a  few  strokea,  when  i(  vill  mark  on  the 
card  a  line  which,  when  the  card  ts  aftenrards  spread  ont  flat, 
faeoomea  a  itraig^t  line.  Tliis  line,  wboee  poaition  iodicatAa  the 
priaaiue  of  the  atmoopbcre,  is  called  the  atmo^p/tenc  tine.  In  fig. 
17,  it  is  represented  by-  A  A. 
Then  tho  cock  K  is  opened,  and  the  pencil  moving  up  and  down 

with  the  Tftriatioos  of  the  inreaatu* 
of  die  Bteam,  traoes  on  the  catd 
daring  each  couipleu*  or  double 
Ktroke  a  curve  such  as  B  C  D  £  & 
The  ordtnatos  drawn  to  tliat  onrve 
from  any  paint  in  the  atmospherio 
line,  such  as  HK  and  Hi},  indi- 
cate the  diflerenoea  between  tho 
pressure  of  the  steam  ami  the  at- 
mospheric preanire  at  tho  con\»- 
Kpftniling  point  of  tlic  Tnotton  of  the 
]itKton.  The  ordinates  of  tho  part  B  C  D  £  reprtaeut  the  pre*- 
NUrus  of  the  aU-am  during  tho  forwanl  irtj-oke,  when  it  is  driviog 
tbb  pijiton ;  those  of  the  part  E  B  rcpi\w?iit  the  pressnrea  of  the 
»t<^am  vfhm  the  piston  is  expelling  it  from  the  cylinder. 

To  found  exact  Investigationa  on  the  indivator  dis^tunu  of  steam 


Rji-l?. 
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caging  the  atmospheric  pres«irp  at  the  time  of  the  expmment 
ouffbt  to  bu  atwertomed  by  means  of  a  barometer ;  but  thiH  is  ^'tic- 
mlly  oniitU^l ;  in  which  caais  tho  atmoHplieric  prLStnire  may  ber 
anemned  at  its  mean  vjUul-,  beliig  147  lbs.  on  the  square  tnoh,  or 
311 6-4  ll»v  on  ths  i«qiuiv  foot,  at  and  near  the  level  uf  the  sea. 

Let  AO  =  H  F  be  ordinat^s  ivpresenUng  the  pressure  of  the 
atmoephero.  Then  O  F  V  parallel  to  A  A,  is  the  obgifAul*  or  true 
Ttxo  Ime  of  the  diagram,  convsiionding  to  no  fireatntre;  unil  ordi- 
nateA  dmwn  to  the  carve  from  that  line  represent  the  abooluto 
inteiisHiefl  of  the  pressure  of  the  tfteara.  Let  U  U  and  L  £  b«  urdi- 
nalra  tondung  the  ends  of  the  diagram ;  then 

OL  rei-TtecntR  the  volttme  traverped  by  the  piston  at  each  single 
ftn>k(-  (  =:  Ji  A,  where  a  is  the  length  of  the  stroke  and  A  the  are& 
l^im  instou); 

["nw  areft  O  B  C  D  E  L  O  represents  Uie  energy  exerted  bj  the 
■UD  on  the  piston  during  the  forward  mtnike ; 
^  TDio  area  O  11  K  T<  0  repn^tienta  the  work  loKt  in  expcllii^  tha 
Cteozn  during  the  bock  Htroke; 

The  artik  15  CI)  E  11,  being  the  diflerence  of  the  above  areaa,  re- 
pre-w-ntd  the  ^ective  wurlc  of  the  steam  on  the  piiitou,  during  the 
complete  Btrokft. 

T)ici«e  areas  cad  be  found  by  the  method  explained  in  Article  11a. 

The  mtan/oncard  yretnuTe,  the  mean  back  ftretattre,  and  the  matn 
^eetiv*  prtMntre,  are  found  by  dividing  those  three  areas  respec' 
tively  by  the  volume  »  A,  which  ia  represeuted  by  O  L. 

Thos*'  moan  preesurea,  however,  cnn  be  found  by  a  direct  ptxMWBS, 
wittumt  tintt  loeasuring  the  areait,  viz. : — 

Divide  tho  length  of  the  diagram  <.)  L  into  any  convenient  nnm- 
h«r,  n,  of  equal  jiarts  (the  usuul  nuiuWr  iH  ten),  and  meamirv  the 
ordiutttcs  at  the  two  ends  ami  tlie  n—  1  fmintti  of  division ;  no  tliat 
fll4iiuitei  art)  meoaured  from  n  -1~  1  equi-diatant  points  in  O  li. 

Xtot  Pv  bo  the  first,  /»,  the  last,  luid  p,,  ftt,  kc,  the  iutenuediato 
ffrdinaUn  of  the  npjwr  curve  C  D  E  ;  let  p\t  \te  the  first,  p\  the  hurt, 
■nd  p'l.  y\  iic,  Uie  intermediate  ordiiintea  of  the  lower  cun'« 
EOB;  let  p^  denot«  the  mean  forward  j.nwoire,  p'^  the  mean 
Lack  prestUT,  and  ;;_  ~//.  the  mean  effective  prcisurc.     Theu 


It  is  obrioiu  tliat  the  mean  effectire  pressure  may  be  mnnjmt 
At  ouoe  irrMpectively  of  the  forward  and  bock  pressures,  and  ' 
tnw  aaro  line,  amply  by  measuring  a  eeriee  of  oqui-difitant 
of  the  diagram  perpendicular  to  A  A,  suoh  aa  G  K  j  tlie  mean 
vhich  liroadths  rvpn.'scuts  the  mean  cflcelivc  jiressupp.  That  is,  let 
ht  be  the  first,  6.  llio  last,  and  &„  b^,  i&c,  the  intermediate  breadths; 
'ica. 

''--^-=i(^'^*'**'***-) ^^■'* 

Thei  efTeciive  euergj  exerted  by  the  steam  on  the  piston  dui 
rach  double  stroko  ia  tho  product  of  the  mean  efiectivo 
the  aroA  of  the  piston^  and  the  length  of  stroke,  or 

(p.-;/^A»; (a) 

and  if  N  be  the  number  of  double  strokes  in  a  minute,  tiie  indi 
fNNMi*  in/oot-powtda  per  min%tU  is 

^m  (f.-i/-)AN*i « (4.) 

^R^^  which  the  indicated  hone-pouxr  is  found  by  dividing 

I  33.000. 

■  In  a  DaMble  Active  BimiM*  tho  stenm  acts  alternately  on  eiUi 

■  cidii  of  the  \a<iU)a;  aiitl  to  m*.-u.-*un>  tbe  p<iwer  accurately,  two  in' 
afyyn  should  I*  used  at  the  samp  time,  communicating  respecti- 
vith  the  two  tuds  of  the  pyliiidLT.     Thus  ft  imir  of  diagrams 
1,0  obtained,  one  reprtscutins  the  action  of  the  steam  on  each 

I         ,  jj^p  piston.     The  mi-au  cflectivc  pressure  is  to  bo  found  as  abo 

■  Atr  cttch  diflffnim  w>panit.-lv,  and  then,  if  the  areas  of  the  two  &c 

■  S  the  piston  are  sensibly  equal,  thf  m^n  ofth^  ^T^^  »,2 

■  V  1  bv  Uie  area  of  the  piston,  the  length  of  sb-oke,  and  Itmce  th- 
^  iJ;  nf  double  strokes  or  revolutions  in  a  minute,  gives  tb 
''".'?!li  Lter  «r  minute;  that  is  to  say,  if  f  d«noU«  the  gea. 

.         '^^  Evepm^ure,  the  indicated  power  per  minute  « 

K  ^"  A  •  S  N*. <5.) 

L 


„  .1.    *™  fW/«a  of  the  piston  are  sensibly  of  nnequal  areas 
y  the  two  *ow  01  t       ^.^j^^j      ^^  j^  to  be  computed 

^  ^  ':»*TMKS  U  the  result*  added  together. 
,Bp,al^yfor»chfr«.»n  y^jers,  the  quantities  of  ix>wer 

V  ihPtc  aw  >*l^rj^.  aiimms  are  to  be  adde-l  t.-.gc-ther. 
^,,;ii^^  W^curwpec^^^^  ^  ^^^^,^  ^^^^^er,  double  act- 
■pmfoUDTOg  iflwn  " 
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Tliti  inertia  nf  the  moviog  parts  of  the  imlicatnr,  combined  with 
the  elasticity  of  tlie  spring,  ceuse  oscillationA  of  ibi  pteton.  Id 
onleir  that  the  errora  tlina  produced  in  the  indicated  prvesures  at 
{mrtiotilar  instants  may  1«  as  ^maW  as  po<vsthle,  and  may  neutralize 
each  others'  effects  on  thn  whole  indicat<>t]  power,  the  inertia  ought 
to  be  R-s  HuiuII  as  practicable,  and  the  Rpring  as  stilf  as  ia  cODsUtent 
wiUi  showing  the  pressures  on  a  visible  scale. 

The  /rtciio7i  of  the  moving  parte  of  the  indicator  tends  on  iixe 
whole  to  nutke  the  indicated  power  and  ludioitod  m«an  effeotive 
IireBBure  less  than  the  truth,  but  to  what  extent  is  uncertain. 

Eraj  indicator  should  have  tlie  uocuracy  of  the  graduation  of 
its  Male  of  preaKoree  frcquetttly  t«9ted  by  comiMuiMw  witli  a  stan- 
dard preseure  gauge. 

The  conclusions  to  be  drawn  from  the  figures  of  indicat^ir 
diagrams  will  be  treated  of  in  th«  juut  of  thi.t  treatiiw  wluch 
relates  specially  to  the  stoiim  t-ii-^iue. 

44.  ■■JfcBMiar— oihrr  ArpHouivna* — The  indicator  mar  obnonalj 
be  used  for  ineaaiiring  the  energy  exerted  by  any  fluid,  whether 
liquid  or  gaseous,  in  driving  a  piston;  or  the  work  performed  1^  a 
pump,  in  lifting,  propelling,  or  or^mpreasitag  any  fluid. 


Sectios  fi. — 0/  Brakes. 

45,  BrBkM  DeiiBcd  aad  ciaMed. — Tlie  contrivances  here  com- 
prehended under  the  general  title  of  UraJctK  are  those  by  means  of 
which  friction,  whcthtir  exercised  amongst  solid  or  lluid  partjcles, 
is  purposely  opposed  to  the  motion  of  a  niiichine,  in  onler  either  to 
atop  it,  to  retard  it,  or  to  employ  superfluous  energy  during  uniform 
motion.  The  ust-  of  a  brake  involves  waste  of  energy,  which  is  in 
itself  an  evil,  and  is  not  to  be  incurred  onleas  it  is  ueceasaiy  to  cun- 
venieucc  or  safety, 

Bmkes  may  lie  eUfised  iis  follows: — 

L  Slack  hrahsi,  in  which  one  solid  body  is  simply  [Hissed  against 
another,  on  which  it  nibjL 

IL  Ftexihte  IrakOf  wliich  embrace  the  periphery  of  a  drum  or 
ill(^  (as  in  Prtmy's  dynamnmet^'r,  Article  39). 

III.  Pump  broKa,  in  which  the  resistimce  employed  is  the  fric- 
tion amongst  the  pArtioIcH  of  a  fluid  forced  through  a  narrow 
passage. 

IV.  /'«n  ifraket,  in  which  the  resistance  employed  is  that  of  a 
fluid  to  a  fan  rotating  in  it 

46.  ActioB  •€  BnliM  Ik  OvnonO. — The  Work  dispoeed  of  by  a 
brake  in  n  giv«^n  time  is  the  product  of  tlie  resistance  which  it  pro- 
■hioes  into  the  distance  thrut*gh  which  that  resistance  is  overcoms 
/A  M  given  time. 


putlf^ 


BLOCK  ■■*y**, 


S3 


To  tlop  •  i]iftcbui«,  the  brmke  must  employ  weak  to  tho  uoount 
of  dw  vbole  Bctaal  enezgj  uf  tho  maduntr,  u  already  Mated  m, 
Artide  3-4.  To  retard  a  tnschine,  Uk!  brake  mait  employ  work 
an  amoant  equal  to  the  difibrezice  between  the  aetoai  eDo^gie*  cl' 
iha  maduae  at  the  great«r  and  lesa  rekKitiee  rtmptx^rtAj. 

To  <rfupoM  o/guift^  oMTTyi  ^  bi«ke  nuut  enqdoy  work  equal 
to  that  owtrgy ;  that  is,  the  renstftnoe  oamed  bj  the  hiaka  anufc] 
helanoe  the  surplns  efibtt  to  which  the  Barphtii  energy  is  due ;  so 
that  if  i»  is  the  ratio  which  the  velocity  of  nibliiug  of  thu  brake 
baai*  to  the  T^docit^  of  the  driTiz^  point,  P  the  mrjiba  ^hrt  at 
die  dnriog  pointy  and  R  the  reriaUnoe  of  the  brake,  we  oa^t  to 
haTe^ 

^=1 c) 

It  13  obviously  bettor,  when  practicable^  to  itore  snrpltti  enogy, 
UT  iu  ptevcet  ita  exotion,  tliau  lo  diqtme  of  it  fay  nwM*  of  ft 
brake. 

Wben  t^  aokioit  of  a  brake  oompoeod  of  solid  material  is 
«ootiinioa«,  a  eteeam  of  water  miut  be  sapplied  to  the  mbfatng 
sur&oes;  to  abotraet  the  heat  that  is  prouaoed  by  the  friction, 
aeoordiDg  to  the  bw  ftated  in  Articles  13i 

47.  BiM-k  Brakes — When  the  motion  of  a  machine  is  to  be 
eootmlled  by  preanng  a  block  of  solid  material  agunst  the  rim  of  * 
mlatiiig  finun,  it  is  triable,  iuasmttdi  aa  it  is  eaaer  to  renew  tlie 
nibbing  sui&oe  of  tlic  block  than  thnt  of  the  dnnn,  that  tho  ilnini 
itioald  ue  of  Mitt  hsrdcr  auJ  the  block  of  the  softer  material — ^the 
dnun,  for  cxautple,  Ixnug  uf  iron  and  the  block  of  wood  The  best 
kinds  of  wood  for  thin  pnrpooe  arc  those  wiiich  have  considerable 
itraqgth  to  rausc  cnishiug,  socfa  an  cln,  oak,  and  beech.  The  wood 
forms  a  facing  to  a  fiume  <^  iron,  and  can  be  renewed  when  vom. 

When  the  brake  is  nrum»J  a§unai  the  rotatiDg  drain,  the  dirpc- 
1io«i  uf  the  prresure  between  them  is  obliquely  oi>po8cd  to  the 
motiGU  of  the  dram  ao  as  to  make  an  angle  with  the  radius  of  the 
dram  eqoal  to  tho  angle  ofrtyoae  of  the  rubbing  surfaces  {denoted 
W  9\  see  Article  13).  The  component  of  that  oblique  preasnre  in 
thr  direction  of  n  tunguot  to  the  rim  of  the  dram  is  the  friction 
(B) ;  ih»  component  |M;rpendicnlar  to  the  rim  of  the  Jrutu  is  the 
aocmal  prossure  (Q)  nx|mred  in  order  to  produce  that  friction,  and 
is  giroD  "^  the  equation — 

Q  =  ?; ('.) 

^boing  the  eo-efficient  of  friction,  and  the  proper  value  of  B  being 
determined  by  the  principles  stated  in  Article  48. 
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It  is  in  general  desirable  that  the  brake  should  be  capable 
lectit^  its  puriKwe  whcu  preswd  ngninst  the  dram  by  means  > 
e  ffiniQgtIi  of  ouo  mnn,  pulling  or  pushing  a  handle  wttJi 
%mxid  **r  oiw  fuut.  Ah  tlie  nxjuired  Dormal  pressure  Q  is  u.«i 
cumsidcmbly  greater  than  the  force  which  one  man  can  oxcrt, 
k«rvr,  or  wrpw,  or  a  train  of  levers,  screws,  or  other  convi^nitnii 
iB«ohhniiint  Ttni.st  be  intorpoAcd  between  tlie  brake  block  aud  (lie 
IhukUo,  t>u  that  when  thv  block  is  loovod  towards  the  drum,  the 
luuadle  Hhull  move  at  len»t  through  a  diiftance  as  many  tinif» 
]CTT«t4<r  than  tbu  distance  by  which  the  block  diredit/  up\iToachf» 
ibo  drum,  n«  the  r«<{uiivd  uomuii  pressure  h  greater  than  the  force 
wli&ok  tho  niau  can  exei-t 

Although  H  uuiu  may  be  able  occasionally  to  exert  with  one 
Wnd  a  forre  nf  lOd  Ibn.  or  \50  lbs.  for  a  short  time,  it  is  deninihle 
t^tt  in  Working  a  hnike,  he  should  not  bo  required  to  exert  a 
Amvo  greater  than  he  can  keep  up  for  a  considerable  time,  and 
•KMi  fwpwl^nlly  in  the  course  ot  a  day,  without  fatigue — that  is  to 
,  aU>ut  i!0  Ilw.  or  25  Ihe. 

4&   Thr  BndiM  or  CavrtaiM  are  usually  of  the  class  just  de* 

I,  and  hn>  itppliol  either  tu  the  wheels  tbeouelvcs  or  to 

muting  nUmg  with  the  wheels.    Their  effect  is  to  stop  or  to 

lani  the  nitttti.m  uf  the  wheels,  and  make  them  slip  instead  of 

on  iJie  ixmd  ur  niilway.     The  resistance  to  tlie  motion  of  a 

whirh  la  cjuiHcd  liy  ita  brake  may  be  leas  but  caxinot  h» 

than  the  frietinii  of  the  stopped  or  retarded  wheels  on  the 

W   niiU  under  (he  load  which  rests  on  those  wheels.     The 

■    'Wili'h  a  (itn-iiigi^  cr  train  of  carriages  will  run  on  a  lev**! 

<>H  Ihit  lu'tiou  uf  the  brakes  before  stopping  is  found  by 

hi'  ai'hiul  i-m-rgy  of  the  moving  mass  before  the  bmki's 

i  hv  iJiti  Nuui  of  the  onlinary  resistance  and  of  the  addi- 

rt  i-unaod  by  the  bmkes;  in  other  words,  that  dia- 

V  t  iniM  greater  than  the  heiglit  due  to  tbe  speed  oci 

'loving  maw  is  greater  than  the  total  rcuBtaace. 

'■  if  raff,  being  placed  under  a  wheel  of  a  carriage, 

'liiii  i^j  ihr  friftion  of  the  skid  upon  the  road  or 

t  I  hill  nuta  on  thu  wheel. 

MtMko  (.1.  Jf.,  t>78).— A  flexible  bmke  embraces  a 

•  •■  N  I   1 1...  rini  of  a  drum  or  puUcy,  whose  motion  it 

il  oiuNuitN  of  an  iron  strap,  of  a  radius 

>  tlmn  tlwt  of  the  drum;  so  that  when  left 

■  nl  nl"  eouliwt  with  the  dnim,  and  does  not 

i>  hen  l^mmon  is  appUwl  to  the  ends  of  tlie 

'  Hiid  pnHlu«>s  the  required  friction.     The 

,»  !■.■  otlliiT  iif  iron  or  of  wood.    In  other  cases. 

I  ivlMtti,  IT  jointod  aeries  of  iron  ban^  usually 
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&ccd  with  wooden  bloclcn  od  tbo  aide  next  the  drum.  When  teo- 
Ewn  ifl  applied  to  the  euda  of  the  chain,  the  blocks  clasp  the  drum 
and  produce  frictioa;  when  iJmt  tcoifiiou  is  remored,  tho  blocks  are 
drnwn  back  from  the  dnun  by  springa  to  which  they  arc  attached, 
and  the  frictiuu  ceasea. 

The  fallowing  formole  are  exact  for  perfectly  flexible  oontinu  us 
banda,  and  approximate  for  elastic  straiw  aod  for  chalus  of  bloolcs. 
For  tbeJr  demoiutratioii,  the  reader  ia  referred  to  treatises  on 
mechanics. 

In  fig.  18,  let  A  B  be  the  dmm,  and  C  its  axis,  and  let  the 
direction  of  rotation  of  the  druiu  be  iudicutc^l 
by  the  arrow.  Lft  T,  and  Tg  rvprcscnt  tiu* 
tfcuuoua  at  tlie  tTo  ends  of  thp  ntnip,  which 
e9nbr«cee  the  rim  of  tho  tlrum  tlirotigiiuat  the 
ajt  A  B.  Tbo  tension  Tj  exct^ds  the  tension 
Tj  fagr  an  amoaut  equal  to  the  friction  butwecu 
tiio  vUap  and  dmm,  R  ;  that  is, 

R  =  Ti-Tf 

Let  e  denote  tho  ratio  which  tho  aiv  of  contact 
A  B  bears  to  the  eircum/erencc  of  the  drum ; 
/  the  oo-cffificnt  of  friction  between  the  strap 
and  dmm ;  then  the  mtio  T.  .T^is  the  nuwher 
wAoie  cvf/tr/ton  logarUhm  it  2-72SS/e,  or  ^H-  '8* 


ii_10K2B8A— N;. 
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wliif^  number  having  been  found,  ia  to  be  used  in  tho  following 
{btmohe  for  finding  the  tensions  Tp  T^  roquired  in  order  to  pro- 
duce a  giTen  resistance  K : — 


N 


Backward  or  greatest  tension,  T,  =  R  •  ^ — r  ; 


.(2.) 


Forward  or  leaflt  tension,  T,  =  B  * 


_1^ 


.(3.) 


Tho  following  cases  oocur  in  practice : — 

I.  When  it  ia  deaired  to  produce  a  great  rmHanct  eompand 
pjA  tke  foM»  applied  to  the  braJx,  the  backward  end  of  the  brake, 
jrhrre  tho  tcnaion  ie  T,,  ifi  to  be  fixed  to  the  framework  of  the 
mafhincry,  and  ihe  forward  cud  moved  by  meaw  of  a  levor  or 
oth.T  suit:iblo  mechauiBmj  when  the  force  to  W  iii>plied  by  mean* 
of  that  mechauiam  will  be  Tj,  which,  by  making  N  aufficiently 
gmt,  may  be  made  small  as  oompiired  with  R. 


I 
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II.  Wlicn  it  18  deairvd  tliut  f/i«  resi^tarice  shall  alusaj/gbe  tea  dai» 
a  c«7iain  ffivat  force,  tho  forwani  t-nd  of  the  hrake  ia  to  be  fix«L 
uud  the  btic-kwiutl  cud  puUixl  with  a  furce  Dot  exceeding  the  given 
fnrco.  This  vilt  bo  T,;  aiid,  aA  the  equation  2  shows,  how  gmt 
iKK^-viT  N  niHj  be,  R  will  always  bo  Itaa  than  T,.  This  is  th« 
principle  of  tho  brake  applied  by  Sir  Williau]  Thouiaou,  to 
ii|)panitu8  for  paying  out  suuiiiarinu  t<.'legntph  ciibli-ti,  with  a  \*iev 
to  limitiiig  the  resi&tanco  witliio  the  amount  which  the  cable  can 
aafely  bear. 

In  any  case  in  which  it  is  desired  to  give  a  great  value  to  tiM 
ratio  N,  thu  fluxiblu  brake  may  be  coiled  i>]>irally  round  the  dnun, 
80  BB  to  make  the  an:  of  contact  greater  than  one  circiimference. 

50.  Pnnp  Broke*.— The  resistance  of  a  fluid,  forced  by  a  pump 
through  a  narrow  oriSoe,  may  be  used  to  dis^xise  of  superfluous 
energy. 

The  energy  which  is  expended  in  forcing  a  given  weight  of  lluid 
through  an  oriiiou  ia  found  by  uiulti|)lying  tliat  weight  into  the 
height  due  to  the  greatest  velocity  which  itn  pnrtirlei;  acquire  in 
tliat  process,  and  into  a  £iotor  grv»ter  than  uiiily,  which  for  each 
kind  of  orifice  is  detennined  exjierimentally,  and  whose  excefw 
abo%'e  nnity  expresses  the  proportion  which  the  euergj'  expended  in 
overcoming  the  friction  between  the  fluid  and  the  cn*ifioe  beore  to 
tite  cncrg}<'  expended  in  giii'ing  velocity  to  the  fluid. 

The  following  arc  some  of  the  values  of  that  factor,  which  will  be 
denoted  by  1  +  F  : — 

For  an  orifice  in  a  thin  plate,  1  +  F  -  \'05A (1.) 

For  a  stnugbt  uniform  pipe  of  the  length  I,  and  whose  kydrtvulio 
msan  d«pik,  that  is,  the  area  divided  by  the  circumference  of  ita 

cross-section,  is  nt, 

1  +  F  =  1-505  +-^^ (2.) 

For  cylindrical  pipes,  m  is  one-fuurth  of  the  diametei-. 

The  factor  /^  in  the  last  formula  is  called  the  eo-«fieutU  o/friction 
of  the  fluid.  For  uxtter  in  iron  pipea,  tlie  cTiameter  d  being 
expressed  in  feet,  ita  value,  oooordiug  to  Darcy,  ia 


For  air. 


/  =  0006  nearly (4.) 


«    The  greatest  velocity  of  the  flnid  particles  is  found  by  dividing 
the  volnme  of  fluid  discharged  in  a  second  by  the  area  of  the  outlet 
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at  its  moet  coDtraoted  part  WIioi  the  outlet  is  a  c}-Iin(]rical 
[lipe^  the  flectioDol  area  of  that  pipe  may  be  emidoyeU  in  thii^ 
caJcaktion ;  bat  wheo  it  is  ao  onnco  in  a  thin  plate,  there  ia  a 
totdnelai  vein  of  the  issuing  stream  after  paseing  the  oniioe,  wbuae 
ana  is  an  on  avenge  about  0*62  of  the  area  oi  the  orifice  itaeir; 
and  tbat  oontractcd  area  is  to  be  employed  in  oomputiog  thn 
velocity.  Its  ratio  to  the  area  of  the  orifice  in  the  pUto  ia  called 
t^  co-^^cMfU  ofamtrOfetioH, 

The  computation  of  the  enoi^  expended  in  forcing  a  given 
quantity  of  a  given  fluid  in  a  given  time  through  a  given  outlet,  is 
exMBiBod  ijinbolicallj  as  follovs  : — 

Let  T  be  the  volume  of  fluid  forced  through,  in  cubic  /est  per 

MDOtuL 

D>  the  density,  or  weight  of  a  cubic  foot,  in  pounds. 

A,  the  area  of  the  orifice,  in  square/ceL 
e,  the  oo^flicient  of  oontnction. 

«,  tlie  Tolocil^  of  ou^w,  ia/Mt  per  aeeond. 

B,  the  reBistanoe  overcome  by  the  pi«ton  of  tiie  pnmp  in  driving 
the  water,  ia  powndt. 

w-,  the  velocity  of  that  puton,  in /het  per  teotmd. 
Then 

Y 


V  = 


eA' 


.(5.) 


and 


E»=DV(1  +  F)^;. 


.(6.) 


Uui  factor  1  4-  F  being  computocl  by  means  of  tho  formula  1, 2,  3,  4. 
To  find  the  intenai^  of  the  pressure  {p)  vithin  the  pomp,  it  ia  to 
he  obaerved,  as  in  Article  6,  that  if  A'  demitea  the  area  of  the 
]aston, 

V  ^  A'  u;  R  *  p  A'; (7.) 

ccpnaeqnently. 


,  =  |  =  D(WF)|1 


.(8.) 


that  is,  the  tnteimtv  qf  tha  pnuure  is  tkat  dua  to  the  uxight  of  a 
tMrtwo/  coturtm  o/tkejluid,  tpAow  heigU  is  greater  t/um  that  Utte  to 
di  nIacUy  o/oiUjtow  in  the  ratio  1  +  F  :  1. 
To  allow  for  the  friction  of  the  piaton,  about  <ma-tetUh  may  in 
'  be  added  to  tho  result  given  by  equation  6. 
.?  piston  and  pump  have  be«n  xpokfu  of  as  single ;  and  tnch 

be  tlio  caae  when  the  velocity  of  the  piston  is  unitWrm.     When 

•  inston,  however,  ia  driven  by  a  crank  on  a  abaft  rotating  at  an 


imifuna  s[M!cd,  ita  velooi^  varies;  and  when  a  pump  brake  is  to  be 
applied  to  sucli  a  shaft,  it  is  necessorr,  in  order  to  give  »  Buffioientlv 
ui'ur  ajjjtroxlniation  to  OD  unifona  velocity  of  outflow,  (liat  tbcre 
sliould  bf)  at  leaat,  either  three  single  acting  pumps,  driven  hy  thrpA 
cranlu  makiuj^  with  each  otber  angles  of  12U',  or  a  pair  of  dunbUr 
acting  piimpR,  driven  b^r  a  pair  of  cranki;  at  right  anglAs  to  each 
other;  and  the  result  will  be  betu?r  if  tbu  pumps  foroe  the  fluid 
into  one  oommoa  air  vessel  before  it  arrives  at  the  resisting 
orifice. 

That  orifire  may  be  provided  with  a  %-aIvc  by  means  of  which  ita 
area  gsji  bo  HiljuHtud,  bo  h»  to  ciutve  any  required  resistance. 

A  pump  brake  of  a  simple  kind  ia  exemplified  ia  the  apparatos 
called  tho  "  catara^l"  for  regulating  the  opening  of  the  steum  valve 
in  single  acting  steam  engines.  It  i^ill  be  more  fully  described 
under  thu  head  of  thoac  engine*.* 

HI.  Van  BrakRa. — A  &u,  or  wheel  witli  '\*aneA,  revolving  in 
water,  oil,  or  uir,  may  be  u^ed  to  dispose  of  surj^lus  energy;  and 
the  reeist&noe  which  it  causes  m&y  bo  rendered  to  a  certain  extent 
a^justAble  at  will,  by  making  the  vanes  so  as  to  bo  capablo  of  being 
set  at  diflerent  angles  with  their  direction  of  motion,  or  at  different 
distances  from  their  asis. 

Kan  brakes  are  npplied  to  various  machines,  and  are  usually 
adjusted  so  as  to  pi-oducv  the  retjuisite  resistance  by  triid.  It  is, 
indeed,  by  trial  only  that  a  final  and  exact  adjustment  can  be 
effected ;  but  trouble  and  esix-nse  may  be  aaved  by  making,  in  the 
first  place,  an  approximate  adaptation  uf  the  fuii  to  its  imiyose  by 
culeuiation. 

The  following  fonuuhe  are  tho  results  of  the  oxperimeuta  of 
Duchcmin,  and  are  approved  of  by  Foucelet  in  his  MicaniquB 
Jnduatrietlt. 

For  a  thin  flat  i-ane,  whoee  plane  travenwa  its  axis  of  rotation,  lc4 

A  denote  tJiu  area  of  the  vane ; 

If  the  distance  of  its  centre  of  ginvity  from  tho  axis  of  rotation ; 

s,  the  distance  from  t}ie  centre  of  gravity  of  the  entire  vane,  to 
the  centre  of  gravity  of  that  half  of  it  which  lies  nearest  the  axis  of 
rotation ; 

V,  the  velocity  of  tho  centre  of  graWty  of  the  vane  (  s  al^  if  a  ia 
the  angular  velocity  of  rotation) ; 

I>,  the  density  of  tho  fluid  in  which  it  moves ; 

11  /,  tho  moment  of  resistance  ;  ^^ 

it,  a  co-eflieient,  whose  value  is  given  by  Uie  fonuula  ^| 

'  Pamp  bnfcet  bate  bcca  spplied  to  railwaj-  carrisg<es  bj  Ur.  LtnreaM  lUD.  In 
L6£5,  it  wu  ptopoeed  by  Ur.  Jolui  Tlmtntton  and  Uh<  aulbor  lu  aj>p1y  thqm  Id  Um 
IMjrliig-aut  ■ppontua  of  Utognjili  cabks  {  but  Uiat  jitppoaal  bn  aot  r«t  b«m  paoi- 
m;;^  tried. 
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1254  +  1-6214  /^;. 
(  — » 


/  *  D  A  •  ^. 


the  yjoxe  is  oblique  to  it^  rlirection  of  motion,  IH  i  ilenntn 
angle  wliirli  iUt  surface  niaken  with  tliut  din-utioQ;  tlwu 
the  TQKnlt  of  eqnatioo  2  is  tu  be  multipliod  by 

3  no'* 


1  +  sin'  » 


It  uppuan  tltat  the  nsistuieo  of  a  fiin  with  scTcral  vanet  iDtmuoa 
nearlj  in  proportifin  to  the  number  of  vatit-H,  ai  ]nng  on  Ui<-ir  din- 
luicea  apart  tuv  not  Ivaa  at  any  |ioiat  tbun  tboir  Itti^Uiis.  Beyond 
thmt  Limit  the  Uw  is  tincertain. 


Sbctios  e.—O/Fly  WheeU. 

S2.    Pavtedlral  VlttrtmrnUmma  of  »^m4   in  a  niOChine   (A,  M,,  CKt^) 

are  caused  by  tlie  ultcmato  cxctim  and  deficiency  of  the  energy 
cAVTt*d  above  the  work  fierformcd  in  overcoming  ronsting  foroofl, 
which  prodacti  an  a]teniat<!  increase  and  diminution  of  octoal 
cucrg^-,  according  tu  the  hiw  cxpbum^  in  Article  30. 

To  deiBnnine  the  greatest  ^actuations  of  spued  in  a  machlno 
moving  penodiLiUIy,  teku  ABC,  in  fig.  1 9, 
K'sent  the  motion  of  tbo  drinng  j>oint 
,■  ono  period ;  let  the  effort  P  of  the 
pnuii:  mover  at  «\ch  instant  bo  repn-wnt^Ml  by 
tlie  ordinate  of  the  curve  D  G  £)  I  F  ;  and  let 
the  sum  of  the  resistanoes,  redaced  to  tlie 
dhring  point  as  in  Article  9,  at  each  iuftant, 
be  denoted  by  E.  and  rcpr^-senled  by  Uic  nrdiiiat*  of  the  curni 
D  H  K  K  F,  whifii  aits  the  former  cun-e  ut  ihta  ordinate*  A  D, 
U  £,  C  F.     Then  the  integral— 


llg  19. 


|(P-R)(/*, 


being  taken  for  any  part  of  the  motion,  gives  the  exceas  or  defl- 
cKUcy  of  energy,  according  aa  it  is  positive  or  n^ative.  For  tha 
enlirv  period  ABO  this  integral  is  nothing.  For  A  B,  it  denotoi 
«n«BDa»^en<Ty.y  r«c«twrf,  re(*rcflented  by  thoareo  DGEH;  ami 
Cbr  BC,  an  e»\atiX  exoeu  o/ work  perjonrud,  represented  by  the  equal 
EE  F  L     Let  thoBo  equal  quantttue  be  each  represented  by 


F 


fiO 
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^  E.  Then  the  actual  ener^  of  the  mochino  attains  a  tnaximum 
vahie  at  B,  and  a  minimnm  value  at  A  and  0,  and  ::i  £  in  the 
difibrenoe  of  iiioao  values. 

Now  let  t'j  hfl  tho  mean  velocity,  v,  the  greatert  velocity,  »j  the 
least  velocity  of  thK  driving  point,  and  2  ■  n*  W  Uie  nducediHertia 
i>f  the  machine  (aee  Article  15);  then 


^9 


2-n»W=  aE;. 


.<!.) 


vhich,  being  divided  by  the  fnaan  actual  energi^— 


gives 


t«    ~  ^'' 

and  obsorvlng  that  v^  =  («,  +  Dj)  -^  2,  we  find 

»^-1?3  _  A'E  _       ff  A  E 


.(2.) 


(3.) 


a  ratio  which  may  be  called  tite  eo-^ieierU  qfjliutvaiion  of»peed  or 
of  vnstmdifte#9. 

The  mtin  of  the  periodical  excess  and  deficiency  nf  energy  A  E 

to  the  whole  energy  exerted  in  one  [lei-iod  or  revolution,   \Pdt, 

hna  been  determined  by  General  Morin  for  steam  engines  tzader 

various  circumstaticea,  and  found  to  be  from  77^  to  -r  for  gingh 

cylinder  enginAH.     Fnr  a  pair  of  engines  driving  the  itame  slioft, 
with  cranks  at  right  angles  to  each  other,  the  vuhte  of  this  ratio  1.1 
about  one-fourth,  and  for  three  engines  with  cranks  at  12ff,  ooe- 
^^        twdilh  of  ita  value  for  single  cylinder  engines. 

^^M  The  following  table  of  the  ruUo  aE  4-  |P(/»  for  one  rwotutwn 

W  of  steani  euginL-s  of  different  kinds  is  extracted  and  oondenaed  from 

^^        General  Morin's  works : — 


NoN-ExPANstVE  Esonnn, 


Le^gUi  of  connecting  rod 

Length  of  crank  "" 


^E 


'-I 


Fdi 


=       -lo/ 


•118 


•135      tzr 


i 
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I 

I 

1 

I 

3 

3 

4 

5 

1 60 

•186 

•209 

•33a 

EiPAXSXTB  CoirobiifinfR  EKOisnsB. 
Connecting  nxl  =  cnnik  X  5. 

Fnwttion  of   stroke   at  (  }_         I         i  i^ 

wfaioh  Bteam  is  <mt  off  |  3  4  5  6 

aE  +   /Pt/*      =       163       173       178     -184 
ExFAXsiTE  NoH-Co.vt>Bysrvo  KKGOrsa 


Steam  cat  ofT  at 
aE  •«-  jpds  =  -I 

F<nT  rinulilc  cyliDcIer  cxponaive  engines,  the  value  of  tW  ratio 
aE  -f   I Pds  may  be  Ltken  as  equal  to  that  for  single  cylludtr 

Boo-«3cjNUirive  engines. 

For  tool*  ttforkint;  at  inierraU,  such  as  punching,  ((lotting,  and 
plaic-cnttiug  machini?s,  cuininx  |»ivss<."8,  ftc,  ^  E  is  uwirly  v*\\\a.\  to 
the  vbole  -work  performed  at  each  o|«eratir>n. 

63.  WVr  Wikedi  {A.  3f.,  690). — A  Qy  whed  is  a  wheel  with  a 
beavy  rim,  whose  groat  moment  of  inr^rtia  V»eing  dmn'r^thendod  in 
the  mluced  moment  of  inertia  of  a  machine,  rfduci::^  the  co-efficient 

of  flutrtuation  of  speed  to  a  certain  fixed  ainontit,  being  ahoat  ^  for 

32 

ardinaiy  machineiy,  and  =7,  a™*  ?«  for  machinery  for  line  purposes. 

Let  —  be  the  intended  value  of  the  00-efficicnt  of  fluctuation  of 
fit 

qwid*  and  ^  £,  as  before,  the  fliictnation  of  euery^.     If  thia  in  to 

bw  pr<.'vided  fur  \>y  the-  mnm^nt  of  ini-rtiH  I  of  the  fiy  wheel  alnne^ 

Ift  4,,  be  its  romn  sngnljir  velucity ;  then  equation  3  of  Article  ^2 

ttequiralent  to  the  following: — 


I  _!^£kE. 
mg&'R 


«(. 


Ihe  Mcond  of  which  eqoationa  givtja  the  requisiie  moment  of  inertia 
ufthe  fly  wheel. 

The  flnctuatiun  of  energy  may  arise  either  from  Tariatioos  in  the 
effort  exerted  by  the  pritne  mover,  or  from  variations  in  the  rwist- 
aDO«^  or  from  both   thoue  causes  wmbine*!.     When  but  one  fly 


r,2 
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wheel  u  uaod,  it  ttlionld  be  placed  in  as  ilirect  conoection  as  poasjbla 
vith  that  part  of  the  mecliatiisin  where  the  greatest  amount  of  tjia 
fluctuatjon  originates;  Imt  when  it  originates  at  two  or  more  poiutH, 
it  in  best  to  have  a  fly  wheel  in  connection  with  ench  of  those  points. 

For  example,  Iii't  there  be  a  steam  engine  which  drives  a  iihaft 
that  traverses  a  workshop,  baring  at  intCTvala  upon  it  pulleys  for 
driving  ^'Arioas  niAcliine  tools.  The  Bteom  engine  shoiiIU  haw  a 
fly  wheel  of  its  own,  as  near  as  practicable  to  its  crank,  adaptaii  to 
that  value  of  a  K  which  is  due  to  the  fluctuations  of  tho  eflbrt 
applied  to  the  cmnk-pin  above  and  below  the  mean  value  of  that 
effort,  and  which  may  be  computed  by  the  aid  of  Genend  Morin's 
tables,  qnotod  in  Article  d2;  and  van-h  macliino  tool  should  al^] 
liare  a  lly  wheel,  adjLpted  to  a  vuliie  of  A  E  »H|ual  to  the  whole 
work  i»erryrin(.*d  by  the  tool  ut  one  o|n.'ratiori. 

As  the  rim  of  a  fJy  whwl  ia  usually  hrai^-y  in  comparison  with 
the  tiniift,  it  is  uflen  sufficiently  iiccunite  fur  pniclicHi  purposes  to 
take  thfi  moment  of  inertia  as  simply  equal  to  the  weight  of  the 
rim  mnlliplied  by  the  siiuare  of  the  mean  between  it.<i  outside  and 
intdde  radii,  a  calculation  which  may  be  expressed  thus: — 

I-Wr*; (3.) 

whence  the  weight  of  the  rim  is  given  by  the  formula — 


_m^AE_«i£AE 


.(*.) 


if  t/  be  the  velocity  of  the  rim  of  the  fly  wheel. 

Tlie  usual  mean  radius  of  the  fly  wheel  in  steam  engines  is  ficom 
t/tree  Xofive  times  the  length  of  the  crank. 

The  ordinary  values  of  the  product  m  g,  tlie  unit  of  time  being 
the  second,  lie  between  1,000  and  2,000  fi^et^ 

The  fiy  wheel  of  a  steam  engine  is  often  itself  a  pulley,  used  fo 
transmit  motion  to  machinery  by  means  of  a  bult. 

SDCTXoif  7. — of  RtgidaXars  and  Ooeernon  in  Gerwral  (A,  Jif.,  693). 

5i.  The  B«ipaUuar  of  a  prime  mover  ia  some  piece  of  apparetns 
by  which  the  rate  at  which  it  receives  energy  from  the  source  of 
energy  can  be  varied ;  sudi  as  the  sluice  or  valve  which  wijusta  the 
aizc  of  the  oriSce  for  supplying  water  to  a  water  wheel,  the  appan- 
tuB  for  varying  the  surtiice  exposed  to  the  wind  by  windmill  eail<^ 
the  throttle  valve  which  (uljuntsi  the  opening  of  the  steam  pipe  of  a 
steam  engine,  and  the  damper  which  oimlrola  the  supply  of  air  t<t 
its  furnace.  In  prime  iiinvcis  whoee  ^>eed  and  power  have  to  be 
TaricHl  at  will,  such  as  locomotive  engineo,  and  winding  eugincs  for 
mines,  the  n-gulator  is  adjusted  by  baud. 


IV   iVJ  M  Ulllb   UUTWIIUIHUIIK   W    UH   SOmiMIF  tt 

second,  as  given  by  equation  3  of  that  Article,     Oonse- 
i  a  RTTea  goTemor,  the  cosine  of  t]uit  angle,  B  C  -^  C  A , 
reraely  as  the  square  root  of  the  B{>ec(L     The  regulator 
D  adjusted,  as  to  be  in  tbe  proper  position  for  supplying 
amoant  <£  power  whc-n  the  peudulum  rods  srv  ut  Utu 
inclination  corresponding  to  the  proper  apec-d   of  tlie 
Wbcn  the  speed  deviates  above  or  below  that  amount, 
ird  or  inward  motion  of  the  pendulum  rods  acta  on  the 
•0  as  to  open  it  when  (ho  s\xxd  is  too  low,  and  close  it 
spoed  is  too  high,  either  directly  through  lovers  and 
jua  TVati's  steam  englue  govemur,  or  by  throwing  into 
^^■a  revolving  bovel  wheel,  one  or  other  of  a  pair  of 
PPirbidi  move  Uio  reguluior  oppoiute  wa>-B,  as  in  water 
rernon,  or  by  means  of  epieyclic  gearing  moving  the 
in  a  directjon  and  with  a  velocity  de]>uiidiDg  on  tbe 
between  tbe  velocity  of  a  whi^el  driven  with  a  speed 
riUi  that  of  the  engine,  and  a  wheel  rotating  with  a  con- 
ed along  with  the  set  of  pendulums,  as  in  Mr.  Siemeus's 

iTewiwiw — Mr.  Silver's  governor  oonusts  of  a 
pcnduluras,  «»eb  suspended  by  its  centre  of  gmvity 
mon  axis,  to  which  a  jiair  of  springs  tend  to  place 
tel  When  mad';  to  rotate,  tbo  pendulums  diverge  from 
until  the  oeittri/wjal  eoupU  of  each.  (Article  22)  balances 
nioinent  uf  the  force  exerted  by  the  spring.  This 
is  utnefiil  for  marine  engines,  becaose  of  its  action  bting 
of  ihe  direotioo  of  its  axis,  and  of  tho  foroe  of  gravity. 
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BjBCnov  Si. — Summary  of  (he  PrincipUs  qftlte  Strength  of  Afachinei. 

58.    nalHVti    aad    DlrtMlmi    mf    tkn    Ha^ecl.      (A.    M.,    244). — Tlie 

prtstnt  section  coutains  a  very  lirief  amumaiy  of"  the  applicatioD  of 
the  prmciples  of  the  strength  of  materials  to  the  most  aiuiple  ques- 
tions which  ariMo  iu  dcHigning  machines.  The  rules  luv  gircn 
without  demonstration,  in  M  small  compasa  as  possible,  in  order  to 
Have  tho  ntoisKity  of  referring,  in  ordmaiy  cases,  to  moiv  bulky 
tntatises;  and  am  almost  all  altftmoted  and  abmlged  from  a  treatiAe 
ou  Applied  Mechanica,  Pftrt  II.,  Chapter  III. 

The  tontl,  itr  combination  of  external  forwss,  which  is  applied  to 
any  pirirc^-,  rno%'ing  or  tixod,  in  a  machine,  produces  ttrw*  amongst 
the  poxtick-s  (^f  that  piece,  bcin^  the  comtjination  of  forces  which 
they  exert  in  resisting  the  tendeuoy  of  t)ie  load  to  distigiire  and 
break  the  piece,  which  is  accomf«iiied  by  strain,  or  alteration  of 
the  volumes  and  figures  of  the  whole  piece,  and  of  each  of  its  par- 
ticles. If  the  load  is  continually  increased,  it  at  length  prodaoes 
either yriK^irtf,  or  (if  tho  material  is  very  toin;*!!  and  ductile)  such  a 
disfigurement  of  tho  piece  as  is  practically  equivalt^nt  to  fracture,  by 
rendering  the  piece  iiseloBS^ 

Tho  viunaie  Htrcngth  of  ^  bodj  is  the  load  requiiTd  to  produoa 
fracture  in  wjme  K|>(.'clfied  way.  Tlio  Pr»»f  Hirmsih  is  tne  li 
required  to  produre  the  greatest  Atraiu  of  &  sptvitic  kind  cottn: 
with  safety;  that  h,  with  the  rebentiuu  ol  the  strength  of  tlie 
material  unimpaired.  A  load  exceeding  the  proof  strength  of  the 
body,  although  it  may  not  produce  instant  fmcturc,  prodac«a 
fractTiro  eventually  by  long-continued  application  and  h^qnent 
repetition. 

The  WarUBR  i.wui  on  each  pteoe  of  a  machine  is  made  leas  than 
tho  proof  strength  in  a  certain  ratio  ditermined  by  piactuat 
cjcpcrieuoc,  in  order  to  provide  for  unforeseen  contingencies, 

Koch  solid  has  as  many  differant  kinds  of  strength  as  there  an 
di0ereat  «'ays  iu  which  it  cuu  be  strained  or  broken,  as  shown  in 
the  following  classification  : — 

^^L  StraiB.  FracluK 

^^H  T        -^    f     I  I  Extension     Tearinic. 

^^L  LDUgitndmal \  r^,„,^.«;,.,.         r«.«lZ. 

Li 


{  Compression Cnishinj^ 

[  Distortion    Shearing. 

Transverse <  Twisting       Wrenching. 

(Bending       Breaking  acrofis. 

t>if.  Wtmutrm  •€  ii«f«iT— A  factor  of  safety  is  the  ratio  in  which 
the  load  that  is  just  sufficiiint  to  overoome  instantly  the'  strength 
of  a  |Heoe  of  material  in  greater  than  the  greatest  safe  ordinair 
working  load. 


in  new. 
'ilw  picoa  i>  to  he  ^^t— wit  <m^  tfa 

lltat  tben  riiall  be  m  iiiaalglj  oT  ili 
>  of  U»c  piece ;  tftk.  it  w«  It  limits  f*«yi 
oo»tlurd  to  aB*^*^  of  tlw 
'  1^  wcAiDg  k*dii  n  ^ 
to  aniif)  nltaiiaa  aad  Aoeka  lAcA  Ike 
iwmr  to  U»e  fnat  Htnagth. 
tha  pien  u  to  be  McrySairf  far  tkaiakiitf  i 
qf  the  matetkl,-  the  lo«d  m  «»  fai  iMOTMid  W  4 
!  vieoe  litBik^  CBCB  faciaf  takoi,  ofHoi^  wfas  tttt  I 
t  M  i^ipRadMd,  to  inortMB  thft  IomI  hf  I 
,  IB  ■■  to  gvt  s  mScMDUj  {mcne  rauL 
[  BVW^4fn>vU  nqvina  widi  aon  tse  mA  tmaUe  lor  ill 
'aBUcNt  tkuthenhiBriMfteenglL    Ota»»*^«r 
to  the  poof  itiaBglk  flf  a  fiees  ■  to  aMily  « ; 

h>  mpfiy  the  aue  hnd  ^Mtt  nd  tcmbv*  it,  «vo  «r 

^ '' ' ^n  -^  ---'^  till    if  ijiniiiini  rf* 

I  tAnwi  orAhentiaB  or  fgve  rfdH  |M 
finnprrMioii,  oannML  tnilBCtiyB,  tt  twiitiiib  M  Ibv 
If  tint  litantiaB  Som  iwl  iwiWy 

oftbe  BBme  loai  Ike  lead  avitUB  tfe 

Tlie  e&cta  of  a  grater  aM  ft  Sm4cr  kU 

tovtod  in  Ike  nae  way.  a  kad  viQ  a(  hmt^  k« 


[the  [Moa;  and 


m 
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strength,  which  will  Via  lietvera  the  last  load  and  tho  Isfit  load  bui 
one  iu  tho  »enet)  uf  uxi>t-niucut& 

It  waa  formerly  supposed  that  tho  production  of  a  set,  that  is,  a 
dufigurentcut  wluch  continues  after  llic  removal  of  the  load,  wan  a 
test  of  the  proof  strength  being  exceeded ;  but  Mr.  Hodgkiniuit 
showed  tluit  supposition  to  be  erroneous,  by  proving  that  in 
most  materials  a  set  is  produced  by  almost  any  load,  how  aroall 
soever. 

Tliu  strength  of  bars  and  beams  to  retuvt  breaking  across,  and  of 
asle8  to  rcflint  twisting,  can  be  tented  by  the  appUcatton  of  kuown 
weights  cither  directly  or  through  a  lever. 

Tu  tci»t  the  tenacity  of  n>ds,  diaim*,  and  ropos,  and  the  reeist- 
anoe  of  pillars  to  cmshing,  more  powerful  and  complex  mechanism 
ia  required.  The  apjioratua  most  commonly  employed  Is  the 
hydraulic  preta.  In  computing  the  stress  which  it  prodncea,  no 
reliance  otight  to  bo  placed  on  the  loiwl  on  the  safety  valve,  or  on 
a  weight  hung  to  the  pump  handle,  an  indicating  the  intensity  of 
the  pressure,  which  should  be  ascertained  by  means  of  a  preasnro 
gauge.  This  remark  applies  hI.so  to  the  proving  of  boilers  by 
water  preasure.  From  experiments  by  Messrs.  Hick  and  Liithy  it 
appears  that,  iu  calculating  the  stress  produced  on  a  luu*  by  means 
of  a  hydraulic  press,  the  friction  of  the  collar  may  be  allowed  for 
by  deducting  a  force  equivalent  to  the  infissore  of  the  water  upon 
an  area  of  a  length  equal  to  the  circumference  of  the  collar,  and 
uuc-eighticth  of  au  inch  broad. 

The  measui-enient  of  tension  and  compreaaion  by  means  of  tho 
hydraulic  press  is  but  a  rough  approximation  at  Uie  best  It  may 
be  Rifliciftnt  for  an  immedi.'itfl  pracrtical  imqiosa  ;  but  for  the  exact 
determination  of  genenil  laws,  iilthough  the  load  may  bo  applied 
at  one  end  of  the  [nece  to  be  tested  by  means  of  a  hydraulic  preai^ 
it  ought  to  be  reniiited  and  mcamired  at  the  other  end  by  me«nB  of 
a  combination  of  levers  such  as  that  used  at  Woolwich  Dockyard, 
and  dcscriljed  by  Mr.  Bai-low. 

61.  Te«R«iir  (A.  M.,  2G5,  2G8,  260).— The  ultimate  strength 
or  breaking  load  of  a  liar  exposed  to  iUrect  and  uniform  tensioin  b 
the  product  of  the  area  of  cross-soction  of  tlie  bar  into  the  Inaeily 
of  the  materiaL     Therefore,  let 

F  denote  the  breaking  load,  in  pounds  ; 

S  tho  area  of  section,  in  nquare  incites ; 

/the  tenacity,  in  pounds  on  the  squai-e  inch ;  then 


F=/Si    S  = 


/' 


(l) 


The  following  are  some  of  the  most  useful  Taloea  of  the  tenacity 
of  materials  u£cd  in  machinery,  in  lbs.  on  the  square  inch :—' 


Kraitd  pizt^ 
Teak,  IndiBn, 


thin  faoUow  Qylinder,  ndi  m  tbe  AeO  a€  a 
I  tlw  tUcknen  off  the  ibeU ; 
/tlw  tamatf  of  tkenatoiil,  mfmmapvi 
/>  tbr  mt«na^r  of  ^^  pna^re^  ia  psvadi  per  i 

quired  to  bont  tba  ^dL    TUa  flOj^  to  W  ftibn  at' 

(iffrCUTtt  VUbIlUI^  [ 

ibti  pnaHtra  frotn  wsSaui  how  Vm  pRHov  boH 
tut  ift  oniUjr  the  lAnaifiherii)  fmann^  flf  147  fta. 
isKn  or  iliiiiMtiouta 
Tkn 


anil  the  pfopcr  {npoctaoo  of  tiu«3n>w  (o 
nffiBttfai~- 

r     7' 
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The  tenacity  of  good  wrought  iron  boilur  plates  has  been  sUukI 
aa  51,000  Ibd.  per  sqiiaro  inch.  That  of  a  double  liTettod  joint, 
par  a^uonr  inch  of  the  iron  leji  hetteem  the  rwt  hotet,  is  tlie  same ; 
that  of  ft  unglr  rivt-tted  joint  eouicwhut  lcs&,  as  the  tension  is  not 
uniformly  di»tribut«d  It  is  couveuiuut  in  pructioc  to  aUiUi  the 
tenacity  of  rivetted  jointa  in  lbs.  per  square  inch  ojtke  gntim  pUU4; 
and  it  18  ao  Btat«d  in  thi;  aimcxod  table,  iu  which  the  rv^ulta  for 
rivctt«d  joints  are  from  the  experiments  of  Mr.  Foirlioim,  and 
that  for  a  widdcd  joint  from  on  t-xpcrimi^ut  by  Mr.  Duou.  The 
jointA  of  plate  iron  boilers  an  single  rivetted ;  but  from  the  man- 
ner in  which  the  plates  break  joint,  analogaue  to  tlie  bond  in 
maaonry,  tho  tenacity  of  such  boijcrs  is  couaidcrod  to  approach 
more  nearly  to  that  of  a  double  rivetted  joint  than  that  of  a  single 
riTuttcd  joint 

Wixmght  iron  plftt*  joints,  donhle  rivett*^!,  tho  dia- 
meter of  each  hole  heiog  ^o  <>f  the  distuDce  ixom 

centre  to  centre  of  holp-s „ 35,700 

"Wrought  iron  phite  joints,  single  rivetted, 28,600 

Wrought  iron  boiler  shells,  with  single  rivetted  joints 

properly  crossed 34iOOO 

Wrought  iion  retort,  with  a  welded  joint, 3o»75o 

Cast   iron   boilers,   cylinders,    and   pipes  (average 

British  iron), ifi.SOo 

63.  s^crtcal  MkIU.  such  as  the  ends  of  "  egg-euded"  cylindrical 
IjoUrtr,  the  toiw  of  tttt^m  donips,  fee,  are  twice  o*  atrony  as  cylin- 
drical sht'lls  ot  the  Kune  radius  and  thickueas. 

Suppoiie  a  shell  of  the  figure  of  a  segment  of  a  sphere  to  have  a 
circuhr  flange  round  its  base,  through  which  it  is  bolted  to  a  fluige 
upon  a  cylindrical  nbell,  or  u|)on  another  ^crical  ahoU. 

Let  r  denote  thi;  radius  of  the  splierc,  in  inches ; 

r*,  the  radius  of  tho  circular  Iwiie  of  the  segmeutul  shcdl,  in  incfaea ; 

;;,  the  bursting  pressure,  in  lbs.  on  the  sqnoro  inch ; 
then  the  uuniI>or  and  dimensions  of  the  bolts  by  which  the  flange 
is  held  ahould  be  such,  that  the  load  required  to  tear  (horn  ainuuler 
ull  at  onco  shall  be 

31416  r-Sf,; (L) 

and  tho  flange  itself  should  rcquiro,  in  order  to  crush  it,  the  follow- 
ing thrust  in  the  direction  of  a  tongoD  t  to  it : — 

^p/  ./^=rr73 (i) 

Tf  the  segment  is  a  complete  hcmisphero,  V  =  r,  and  the  lart 
expreamon  becomes  =  0. 
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Kuim. 


IffiniitnTinn  to  »  enufaiag  fiwce  «il)  be  coBHidcml 

tmnon  in  «  hoUmr  cytmiler  » 
dislribated  thron^oot  the  '*'"'*rF*^  of  tfa« 
u  mpfiKfv.aM.Uiy  tme  ooiy  when  tlw 
ii  null  OS  ocmpucd  with  the  iwinut 

Lei  R  nfireaefii  the  «ztonMJ  ftod  r  tfe  i»- 
tamal  rwlhis  oTa  thick  hoDov  niiwfar,  awh  ■■ 
■  hydraulie  preas.  the  taatitf  or  vhoae  i»*Vt?"1 
i*/  mad  irhoH  bantiiig  pi^aon  w^  Thea  ve 
BBst  have 


1^ 


Hcaa 


MHwnniMiily, 


xt> 


..-..-(i) 


BMP  111  of  vhich  fixnoV  wtai  r,^  mad  p  w  gn«B,  B 

TMrk  MiBiw  apta*  M.  IT.,  375).— Ib  lUi  aa 
the  mme  iTmbota  aa  in  the  lul  Articif.  tb»  foQawisg  fcooslK  gm] 
the  mtan  of  the  hmtsne  prcaRue  «o  the  li—iifj,  smI  oC  tfc» 
eiOenuJ  to  th«  latcnial  ndhn : — 


/ 


R»  -.-  2  f*  ^ 


-f = v'  C^)- 


{A.  J/..  376).— Tbe  ddn  of  loeoootm  fin- 

^ eyliBdncal  bcd3«r%  aad  ibe  rirka  of  bjBco  of 

TirrpiTiT  flfrnn-n  \\\\  tlinm  nf  nurimi  ■>«!■  f  iifiw,ini 
of  fOA  plMra,  wbkh  are  fitted  lo  nam,  the  preMWc 
fmn  within  Wbemg  oonneotedtogetkraeroMUifl     ' 
wvter-fpbce  or  3teuii'«paoe  hi)t»ii*u  tiwai  hj  tie-     o 
hftim,  cmUed  staja  when  loi^,  bolts  vhea  diort» 
For  exuqile,  fi|j.  31  irpreaeiita  put  of  the  iai  dde     ^ 
or  a  loooaioCmt  firt-box,  and  afcowa  the  awiyi      e 
mcDt  of  the  boUa  hy  which  it  ia  tied  to  the  nt 
pUta  at  tht  other  side  of  the  vrntny-ipaoe. 

Each  uf  iheae  holta  or  ataya  tnrtaimT  tfaa  pwaamii  of  the  ataua 
^aiuat  a  oeruin  area  of  the  plate  to  whic^  it  ia  allarftfl.  Tho^ 
in  fig.  21,  tbuUilt  a  reststs  the  pcvann  of  the  atHun  on  the  aqoan 
ana  vhioh  surrDUDds  it,  and  vhoae  nde  ia  eqoal  to  th*  diahuwa 
from  oentzv  lo  centre  of  the  tuttA. 


9  o  r^ 

p  O       a       ^J 

o  o     e     ^H 

«  *      •      ^H 


tstm 


i^Mk 


PO 


tsmoDCcnox 


H       Lri  d  le  tbe  sMtional  Ten  of  a  sUy;  A,  that  of  the  portion  of 
K  Am  flkto  vliich  it  IioMa ;  p,  tbe  bursting  preesnre,  uul/tbe  tenaci' 
■^tb  aaterul  of  tbe  stay.     Then 

1       ^ 


•■=f 


* 


Experience  bat  ahovn,  that  the  plat«,  if  ita  material  ia  aa  oUoil^ 
m  tliafc  of  tbo  sta/j  ahould  have  ita  thicknev  equal  to  haf/  cA« 
of  the  stay.    If  the  {date  be  c^  a  weaker  matt^rial  than  th« 
itey,  its  thic-kncKS  t^h>iiild  l«  [irnpnrtdonaUj  iDcreoKed. 

The  llat  endH  of  cylindrical  builers  are  souelimes  stayed  to  thft^ 
cylindrical  udeo  by  in<»U8  of  timngolar  plates  of  iron  called  " 
mU."  Theae  plates  are  placed  in  planes  radiating  from  tbe  ax 
the  boik-r,  and  have  ouo  e<Ige  fixed  to  the  flat  end,  and  the 
to  the  cylmdiical  body.  Each  gu^et  suatiuns  the  pressure  of  i 
steam  egsinst  a  aactor  of  the  Hat  drciitar  end.  Considering 
the  restuiont  tension  of  a  gusset  must  bo  conoentiBtod  near 
edge,  it  a^ipears  advisable  that  its  sectional  area  shouid  be  three  or 
four  timee  that  of  a  stay  bar  suited  for  sustaiuiug  the  prtsKure  on 
the  eame  area. 

The  tiest  experimental  data  reopeotingthe  strength  of  boilers  amj 
dac  to  the  researches  of  Mr.  Fairbaim,  especially  those  recorded 
his  work  called  Vaefid  Jnfvrmatian  for  Eiigitteert. 

67.  CrHMdrtMi  vibm. — Vi'hcn  a  Uiiu  hollow  cylinder,  such  as  an 
btenal  boilur  flue,  is  pressed  from  without,  it  gives  way  bj 
•rifaywin^,  under  a  pressure  whose  intensity  haa  been  found  ^yj 
Xr.  Fiurboim  {FkUos.  Trant^  ISOiS)  to  vary  nearly  according  to 
the  foUowing  laws  >— 

EavBTsely  as  the  length ; 

bVKBely  as  tlte  diameter ; 

Isntaely  as  a  function  of  the  thickneas,  which  is  very  neari;^ 
A*  power  whose  indi-x  is  2-11);  but  which  for  ordiuary  practical 
may  bo  treated  as  acnaibly  equal  to  the  sj^uore  of  the 


Ite  fallowing  formula  gi^'ea  approximately  the  ooSapeiag  prt$sure 
«^Aa  on  tbe  ei|UHre  iocb,  of  a  pkte  iron  flue,  whoso  length  L, 
tm^m  if  and  thlokness  f,  are  all  expressed  in  the  rams  unit*  of 


p  -  9.679.000  f^ (1.) 

4te  expmoed  in  iuchvSy  and  let  L  be  the  length  in 
fonaula  beoonca 

!«•  805,000^ (2.) 


1 
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Ab  the  resifUuice  of  Saea  to  oolJ^Me  fleficadiiwy  Boek  (■  tfcsr 
heautt  exactly  crlindruaU,  Mr.  Fairiiuis  imi^BMiiih  Ikai  tfafy 
dioaM  be  miide.  not  villi  kp  jointly  lika  boikr  tbeOm,  bat  vilk 
butt  jointt  and  corering  EtnpB. 

3lr.  Fairbaim  having  itRttgtbeaed  taba  I9-  rii'eUiag  ronMt 
thou  rings  of  T-iroa,  or  angl«  inm,  at  eqval  rfiwrattflw  afmtt,  Sadm 
that  tbeir  Etxmgtii  ia  that  oomspondia^  to  (be  leugii  frvm  rimg  Im 
ri»ff.  tiiifety  n^qaim  that  tbe  eoUapnis  utwuiuof  a  flae  thiwiM 
1»  Kke  Mino  with  the  bmiii^  pnave  of  Uw  boOo' lUl  m  vlpdk 
it  is  oontaiD«d ;  and  6x  other  nuoai  h  ii  Jwii  lUe  ttnt  the  phrtaa 
of  tbcflooRhouldbeortheuDe  thiciaaeM  with  thowoTtheihcIL 
Hm  Ihtckneas  of  che  shell  having  fae^  aJqited  to  a  ^rroi  banting 
BTHBBre  17  the  fonnok  of  Articfe  6S,  and  the  aae  thidaMM  bBviac 
wen  MBumed  for  the  flue,  ita  eoAifMBg  pn—ii  it  to  be  oonpvteS 
hf  the  IbnnuhB  1  or  3  of  this  Article,  yatA^  te  /  or  L  tha  HirJe 
len^aT  the  boiler.  Should  the  eniliqwing  |ii  1  ■mi  1  eo  fiJnitrteJ 
pBcirs  \em  than  the  >""-*i"g  fniut  of  tihe  iheOM  let  m  be  «thw 
themtio 

MinUng  pramra 
coQapoz^  premre 

If  that  IB  a  whole  nmE>M>r.  or  the  nrarst  whole  ■"■»>*—•  ""—^ng 

thnt  ratio,  if  it  \»  fructiooal;  then  n  —  1  rings  an  to  be  bwImI 

i   the  fliu.-,  80  u  to  dinde  ita  lenftfa  inso  n  cqad 

it  will  U-come  as  nearly  as  paesibkof  the  ana 

liieU. 

B—jtiial  FiMM.— Mr.   Faiibaizn  finds  that  iha 
of  a  floe  of  an  elli[(t>c  IbnD  of  fJtj— Mctioa 
itmt^lr  by  lalKtitatioe  in  the  fimnnfae  of  the  faeoediag 
it,  the  diameter  t£  the  oeoolaling  drcki  at  the  flittaifc 
.^c  ellipse  i  that  ia^  let  a  be  the  gna&er,  and  6  the  ks 
of  the  ellipee;  then  we  are  to  atahe 

9«a 


69.     MbnuUMi  F*rT«  •<  Key*.  Pte*.    ■■Im,  BJmm.  *«.    {JL  M., 

)). — In  nuichiues,  cases  occnr  in  which  the  laxDcqai  pieoea,  inch 

nUies,  Unk^  or  ban,  being  theaudreB  nhjectad  to  a  direct 

are  connected  with  «adk  olhur  at  their  JMiita  by  ft^mtnm, 

uriTet^  boItA,  ]<ina,  acrews,  ooCten,  or  fc^  wUcfa  an  vmhir 

'Hbm  action  of  a  ihcaring  force.     It  it  in  cmsy  audi  caee  trnportaat. 

that  the  {Mecoa  oonneotcd  and  their  ftwNiringi  damkl  be  of  aqaal 

atnngtlL 

Let/denote  the  reeistanoa  per  aqnare  inch  of  the  material  of  the 

ancipal  pieces  to  tearing;  B,  th*  total  aM^iooal  ar«a,  whether  of 


72  iKTttODrcnoK, 

one  piece  or  of  two  or  more  parallel  pieoee,  which  must  be  torn 
asunder  in  order  that  the  structure  may  be  destroyed;  f^  the 
resistanou  per  square  inch  of  the  muterial  of  the  festenings  to 
shearing;  S',  tiie  total  sectional  area  of  fastenings  at  one  joint, 
which  must  be  sheared  across  in  order  that  the  oonnection  may  be 
destroyed  ;  then  the  princi[)al  pieces  and  their  faetenings  ought  to 
bo  80  proportioned,  that 

/S=/8';or|  =  ^ (1.) 

For  wrought  iron  nretted  ^^aten,  taking  the  value  of/*  as  deter- 
mined by  the  expoiiments  of  Mr.  Doyne,  we  have 

^=1  neariy,  and  . ■.  S' =  S (1) 

When  a  fiistcuing  is  not  tightly  jammed  io  its  hole,  ita  area  must 
be inoreafled  in  the  foUowiDg  proportion,  to  allowfor  unequal  diatrtbu- 
tifm  of  stress : — 

Square  flistemngB,  1^;  round,  I4. 

The  following  are  the  resLstanoos  of  eome  materials  to  aheariiig, 
in  pounds  on  the  square  incJi : — 

Cast  iron, 37,700 

"Wrought  iron, 50,000 

Fir  and  pine, 500  to  600 

Oak, 2,300 

70.  B«UMaace  t«  viko  Cnufeug  {A.  Itf.,  262-4,  386). — Tha 
forroulro  of  this  Article  have  rcfcrfuce  to  direct  crashing  only,  and 
are  limiteil  in  tbcir  Rpplioition  to  those  cases  in  which  the  piUan, 
bluckii,  Hti-ute,  or  rods,  alung  wliich  the  pressure  actn  are  not  sn 
long  in  |iro]iortion  to  their  diamt-tor  as  to  have  a  sensiMe  tendency 
to  givu  way  by  beii<ling  auk'wayn.     Those  cases  comprehend — 

Stone  and  brick  pitlitrs  and  blocks  of  ontinary  proportioas ; 

Pillnra,  rods,  and  »truti(  of  cast  iron,  in  which  the  length  is  not 
more  than  five  times  the  diameter,  a|)prrixiiiiate)y ; 

Pillars,  rods,  and  stmta  of  wrought  iron,  in  which  the  length  is 
not  more  than  ten  times  the  diametfir,  approximately ; 

Pillam,  rodH,  imd  struts  of  dry  timber,  in  which  the  length  is  not 
more  tlian  about  twenty  times  the  diameter. 

Let  P  denote  the  eruAing  load  of  the  piece  ; 

8  ttie  area  of  its  tranverso  seetion  in  Acjuarc  inchn ; 

/the  reaistanoe  of  the  material  to  crushing,  in  lbs.  on  the  sqium 
inch;  then  p 

«  =  /• 


-^  .  in  On.  oniba  iqaM  iacfc. 

Bnck,  reti, „ 550  to  1,100 

Fire  bridt, ^ 1,700 

Qiftnite, - -,..,....„5,5oot(i  it^oQ 

Lnncaton^ 4,000  to  4^00 

Smdgtone, „ *.»..a,2oo  to  5,500 

Babble  iDiuonrry......«..^.- AofcabMooe. 

Out  bnu, .,■■.«■. 10,300 

(^sliron, « 83,000  to  145,000 

„      „     average, 112,000 

Witraght  iron, aboat  36,000  to  40,000 

Alb  (my,  along  thegmm) jfcooo 

OaV.  Hm,       „  ,.         „ 10,000 

Kr,  pine.      „  „        5,400  to  6,200 

Teak,  Indian,  „        13,000 

Tbe  naafltance  of  timber  to  cnisbing,  while  green,  is  about  odv- 
lalf  of  its  re^stance  after  haring  been  dried. 
71.    UmUwtmmim  •€  Imb  K«d«  mmd  riOmn  tm  Cm  tliiig  W  ■willag 

M.  U.,  327-335). — Pillars  and  Ktmta  whoae  lengths  exceed  thw 
^imetera  in  ooDsidcrablo  proportioua  (as  is  almost  always  the  case 
vitb  these  of  timber  aDil  m^al),  give  way,  not  bv  direct  cnishin^ 
bat  }jf  bending  BidowajB  and  brnldng  across  being  entsfard  at 
oac  sado  and  torn  asunder  ut  the  other. 

P  be  th«  cnutbii^  load  of  a  long  rod  or  ptllar,  in  Ita. ; 
the  wctional  ares  ^  material  in  it,  in  aqnan  inches  ; 

^?  >">»D^*  iboth  Id  thaanemiitBof  maasBKL 

|N^ita  MBst  cxtenuu diameter, } 

approximatcl  r — 

p  =  -^ 0.) 

The  following  are  the  values  of y  and  o,  aa  cootmtod  from  cx- 
pcrimeute  on  pilkn  nxKU  At  acfta  bom,  b;  h&mig  flat  oapitali 
4ad  bases: — 

/,  tba,  per  fawh.  & 

Wron^t  iron  (rotmd  rods), 36,000 — — 

CWit  iron  (hollow  pillan), 80,000 —-' 

A  pillar  or  md  rodkdcd  ob  JOdtteu  at  ucfTB  esw  vi  fts  flvxiWe 
aa  a  pillar  of  the  same  diamet«rt  fixed  at  both  ends,  and  of  doable 
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I 


tbe  lepgth,  and  its  strength  is  nearly  the  mme.     Henoc,  fur 
piUais — 

1'=-^. wi 

In  the  cue  of  a  pillar  fixed  at  one  end  and  jointed  at  the 

for  the  multiplier  -i  la  the  denominator  of  Ihu  above  fonui 

,    .         16 
stUKbtnte  -^ 

Ib  Qsing  the  formuUp,  the  ratio  -  is  generally  fixed  beforel 

to  •  degree  of  approximation  sufficient  for  tho  purposes  of  the 
cuotioiL 

CossDcmto  BODS  of  dotdfle  actinri  steam  engiiUB  arc  to  be 
flidercd  ait  in  the  condidon  of  pillant  rounded  at  both  cods;  pi 
BODO,  aa  in  the  condition  of  piUars  fixed  at  ono  end  and  rounded 
the  c>ther. 

The  ])iston  rods  of  tintfU  acting  steam  onginee  are  exposed 
tension  only. 

In  vrooglit  iron  framework  and  machinery,  the  Inrs  which 
w  strats,  in  order  that  they  tnay  hare  suffidcut  stiffness,  are 
of  various  forms  iu  crov-eection,   wl-II  known  as  "angle  i 
*'  channel  iron,"  "  T-iron,"  "  double  T-iron,"  Ac.     In  each  of  the 
fornix  the  quantity  represented  by  h"^  in  equation  1  is  to  be  mi 
equal  to  10  times  the  Hquare  of  the  least  mdius  of  gyiation  of 
cn»i-«uctioii. 

Wnmg/u  iron  eetU    are  rectangular  tubes    (generally   eqt 
usually  compated  of  four  plate  iron  adcs,  ri\-ottcd  to  oiiylu  ii 
at  the  cumera.     The  uliimaie  rtn/tlanee  of  a  sinj;le  siiuore 
Hliiiig  by  the  buckliii}^  or  bending  of  ita  sidea,  when  tbe  thicl 
of  tho  plates  is  not  les*  tJtaa  am-thirfieth  of  tit*  diameter  o/i 
aa  dotcnnined  by  Mr.  Fairbairu  aud  Mr.  Hodgkiusou,  is 

27,000  Ib&  per  square  inch  section  of  iron; 

bnt  whon  a  inniib<T  of  cells  exist  side  by  side,  their  stiffiieas 
tuomanHl,  and  Uioir  ultimate  resistance  to  a  thrust  may  be  tak^i 

33,000  to  3C,000  llw.  per  aquare  inch  section  of  iron. 

Tlio  lattor  Oii-efTicii'iitH  niip!y  also  to  cylindrical  ci-lls. 

7i  ■cmi(ib  ar  1-lBibrr  Pm«^  Ktnia,  and  CoiuhwiIkk  Roda. — Thai 
foUuwin^  formula  is  given  on  the  authority  of  Mr.  Uodgkinsou's 
iKperinwut*,  tor  the  ndtimaie  nudjtunce  of  posta  of  oai  aud  red  pita 
Vt  onuhiii^  by  bt'iiding :— > 


TIMBEB  FOarS  A5D  BODS — BCAVS. 


IS 


.(I.) 


8  teiDg  fche  nctioiul  area  in  square  loclies,  A :  I  the  ratio  of  tlie 
\mst  dtjuneter  to  the  leogtfa,  and  A  =  3^000,000  lbs.  p«r  iqaara 
tikcb. 

"iV.^  fattor  pf  mf^y  for  the  woiking  load  of  timber  is  10. 

For  eqtiare  posts  &nd  utjuts,  the  formula  beoomeg 

^=^f. w 

If  Uie  streDgth  of  a  timber  post  be  oompotcd  both  fcj-  this  for> 
mala  and  bjr  tM  formula  for  direct  crushing,  viz. : — 


P=/3,. 


.(3.) 


the  Ut»9r  Taluo  should  be  adopted  aa  the  tame  streo^^ 

TVaiAer  atnnaeting  rods  for  steam  engioeB,  being  m  the  condition 
of  piUan  joiutod  at  both  ends,  arc  of  tiie  nine  strength  with  jvxied 
piilart  o/dvidtle  Um  lenijOt. 

73.   B««i«aaec  m  Cr«M  Bnalilaf.^ — ^The  formulse  of  this  Article 
_ire  ajifilicablc  not  only  to  beams  for  supporting  weights,  hut  to 
crrafr-beads,  croa^-toiJs,  ludes,  joonuus^  cnLoks,  and  all  pieces 
;  mackineiy  or  framework  to  which  forces  are  applied  tenduig  to 
ik  tbem  across 

teiiilenqr  of  a  force  to  bend  or  break  a  beam  is  called  the 

qf^txttre.     It  ia  the  product  of  the  magnitude  of  the  force 

Hs  l«cerag« — that  is,  into  the  perpcndiciUar  distauc-o  ^m  tlie 

:  of  adion  of  the  force  to  the  place  where  the  beam  viU  sooneat 

_«»]r. 

lea  tiie  load  is  diHribuitd  over  a  finite  length  of  the  beam, 
>  Iffverage  of  its  rtnJtarU  ia  to  be  taken, 
llie  ]ilai-«  where  the  beam  will  soonest  give  way  is — 
In  a  hvam  6xed  at  one  end  and  &ee  at  the  other,  the  boundary 
U'two*'!]  Uie  fix<^  and  free  [jorto ; 
^In  a  beam  supported  at  both  enda  and  loaded  at  any  intennedi- 
'  I  point,  or  supported  at  any  intermediate  point  and  loaded  at  the 
ids,  the  intermediate  point; 

In  a  beam  Bupp<irt«d  at  Imth  ende^  with  au  uniformly  distributed 
load,  the  middle  of  the  beam* 
Tbr-  mognitxuh  of  the  load  is  most  omveuiently  expresMnl  in 
and  the  Ucerogn  in  mchea;  so  that  the  moment  (jf^exure 
W  Mkid  U>  be  expreaaed  in  ineh-pourtds. 
the  fullowing  formulte,  W  denotes  the  total  load,  in  pounds; 
c^  iu  bcamti  flxod  at  one  end  and  Iree  at  the  other,  the  Ungth  qf 
9/wfaetj  in  inches  j 


i 
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c,  in  bcfuna  either  loaded  or  supported  at  botli  ends,  tl»e  half 
span^  between  the  extreme  points  of  load  or  support  and  the  middle, 
in  inches; 

M,  the  moment  of  flexure  in  inch-poandK. 


fixed  ut  one  end  and  loaded  1 
At  the  other, ) 


Forl>e{uns 


M  =  cW (1.) 


fixed  (it  one  end 
fomily  loaded,... 


and 


.{».> 


supportctl  at  both  ends  and 
loaded  at  an  intcnucdint^ 
point,  whose  distance  from 
the  middle  of  the  beam  U  x, 


\  M=<^^..,3, 


eW 


supported  at  both  ends  luid  1    c-_fi\.  lA—  ti.  \ 

iJided  in  the  middle, /    ^*-"^'  M_-^..(4.) 

8«p].»ortcd  at  both  ends  and  1 
uniformly  loaded, J 


M  =  "-? («.) 


If  W  be  the  intended  brstJcing  load  of  the  piece,  found  by  mul- 
tiplying the  working  load  by  a  projier  factor  of  Bafety,  Nf  will  bd 
the  moinent  o/rupture,  to  which  the  resixtance  to  rupture  at  tha 
place  where  the  tcnden<^  to  break  is  greatest  mu^  be  made  eqoaL 

That  resistance  is  given  by  the  formula — 

M=n/ftA« (6.) 

in  which 

b  denotefl  the  cxtreimc  breadth  of  the  piece,  in  inches; 

A  its  extreme  depth,  in  inches ; 

/  a  factor  d<;peudiuK  011  the  material,  called  tlie  moduhu  ofrvtfh 
ture^  in  pounds  on  the  fiqiuire  inch ; 

«■  a  &ctor  depending  on  the  figure  of  the  ctxws-Bectiuu. 

M  having  been  compnteil  from  the  breaking  load  and  ita  Iffrcn^ 
age,  and  /and  n  being  known,  the  acanlUng  or  tiunsvenw  dimeu' 
aiom  of  the  beam  are  to  be  such  that 


.(7.) 


It  is  obrions  that  tlie  breadth  and  dopth  may  be  varied,  and  atil 
givu  the  product  h  h^  the  same  value ;  but  tliorc  are  Umtta  to  Ij' 
^•ai-iation  foundwl  on  connderationa  of  KtifTnefts  and  stabili^,  vfaioh 
make  jt  denimble  that  in  most  cosfs  A  should  rango  between  0 
twelfth   aud  one-sixteentU  of  the   Kpau,  unless  there  be  spedil 
rooHuis  to  the  contraiy. 
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rfeilMTing  teU«  gives  exmaipkt  of  ll»nbaaf  tW&dor  » 
^«OB»  of  tlie  man  oHad  foma  of  cr<woc<>oii : — 

I.  Reetan^  6  A  (indwliag  •ijmwX" ^' 

(indoding  orde,  forwUkh  6  =  A,) y  10-i  *   *" 

m.  BaDovraotuigle,frA-A'A';aks>I-6jnDed|     j  ^.^^ 

^       •eetian,  whew  6'  is   the  nm  of   the  >    -  (I-iTul- 
■       bnwtUttoftheUtenllioDowi^ ....)     ^  \       ^^' 

IV.  Hollow  squire,  A»-i^..„ ^    0~p)' 

V   HaU<«relh|«. „ I^O-^s)- 

«^  ^^ - - 1^  04> 


JfoRnxn  or  Hlpxuki,  a  Let.  on  tbs  8({Uabs  Ibc& 

rroQ^t  iroDf  pUte  beams, » » ^2,000 

iMUs  md  axiea, 54«ooo 

n 
Cast  inm, 1^750  +  »3/x»t-* 

(wb«ra  H  is  Uu>  «2^  n/  tolid  bmCoI  i&  the  leeiioo  of  Oe 

iKflLin,  M»)  A  the  extreme  li^tL) 

A«h, 12,000  lo  14,000 

„„., — ,„ — ..- « 7»ooo  to  11,300 

- „.... 5,000  to  10,000 

Brita^  Rttsriin,  ftod  Amtriatu, 10,000  to  13,600 

- »<>» 

T\x  aodnloa  of  niptuxv  is  tiglUeeH  tunes  the  load  requnad  to 
>cedc  A  UiT.  one  tuoli  dqooie,  ni|>i«rvd  U  tvo  pc«*it%  one  foot 
by  being  applied  in  the  middie  of  the  bw. 
section  for  oast  iron  beuu  fint  pfupoeed  hj  Mr.  Hn^gfcift- 
ooBsequeooD  of  hu  duoovery  </  the  heL,  iimt  the  redst— eu 
iroo  to  direct  cnuhing  is  niofv  than  ax  times  its  rr^rfmce 
'  sg.  cosuLrtit,  SB  in  fig.  S9,  of  a  knrer  flange  B,  *»  *'PP*' 
(lAttf^  A,  und  a  Tertioal  web  cotmecting  then.  The  sectioiHl  ans 
'  the  lower  flange,  which  ia  iul>^aeted  to  tennon,  ia  nntAj  dx 


INTHODDCmOIT. 

times  thnt  of  tlie  upper  Hange,  vhich  In  tiubjcct«d  to  thnut. 
order  thaX  Uie  beam,  when  cast,  may  not  be  liable  to  crack 
unequal  cooling,  tliu  vertical  wub  Wi  a  tliicl 
at  its  lower  side  nenrly  rqnal  to  that  of  the 
flange,  and  at  itB  ujipcr  nxdGt  nearly  ujiui]  to 
of  the  npper  flange. 

Tlio  tendency  of  beams  of  this  class  to  break  I9 
toaring  of  tlie  lower  flange  is  Blightly  greater  thut  ■ 
the  U-udcncy  to  break  by  ciiiidLin^  of  llie  umM : 
flange;  and  their  niodulna  of  rnptnre  is  wjnal,  Of 
nearly  rqiml,  tn  tlic  direct  U:mieity  of  the  iron  of  M'liich  tiny  an 
made,  being,  on   an  avcmgc  uf  dilTerei^  kinds  vf  Britiah  iro^  ' 
16,500  lbs.  per  nqtiare  inch.  ' 

The  following  formula  for  the  moment  of  rupture  of  such  beain% 
though  not  strictly  exact,  ia  in  gencnil  near  enough  to  tlie  tznth , 
foi-  piractioal  pni-posM : — Let  B  be  the  sectional  area  of  the  ]ow<r 
flange,  in  square  inches;  A'  the  depth  in  inches  from  the  cen 
the  upper  flange  to  the  centre  of  the  lower  flange;  tben 

M  =  IGSDOA'R (a' 

74.  BcwtouiBce  t»  WrcMchiKf. — For  equal  ralnes  of  the  modnlns' 
of  rupture,  denoted  hjf,  the  strength  of  o  cylindrical  axle  to  resut! 
wrenching  is  duublu  of  it»  strength  to  resist  breaking  acnwt. 

Jjet  I  denote  the  length,  in  incliee,  of  the  Icvor  (such  as  a  cnmkV 
at  the  end  of  which  a  wrenching  or  twisting  force  is  applied  to  an. 
axle;  let  the  working  load,  in  pounds,  midtipliod  by  a  suitable' 
fiwjtor  of  safety  (usualiy  vix)  be  denoted  by  "W;  then 

■WZ^M (1.) 

is  the  toreneMng  moment,  in  inc-h-ponnds. 

The  following  are  the  formuhe  which  serre  to  compute  __ 
dimC'i^ous  of  axles  whose  resistances  to  wreucliiug  ahaU  be  eqiuX! 
to  a  given  wrenching  moment : — 

Fur  a  solid  axle,  let  A  be  its  diameter;  then 


Jow<r 
itia^ 

(a" 


M 

i 


■wfawk  laal  fiwniiila  Krrcft  to  mf  tit  tfe 
•atewWn  the  raCw  i^ :  A^  of  ita  iatral  a«J 

Th*  nhM»  of  tbe  BoAriB  cT  vttwU^/ 

¥br  cdhI  inia, ...»»..»» akwt  X7^ 

For  wAumfct  ifOQ, ,     y»jaoo 

■ad    Ukiag   nx  m   tb»   betor  ti  mhij,  if  v«  ■■■  tfa* 
nr«iV  motm4t/$mmtm  Cor  M  »  tfe  fifh  JM^J  rf 

For  out  iraa,-..^-.<« 

For  wnngjhft  imv *-„  ^/ma  w  »ooo 

70.   T   ■■  ■  -^  ■  ■■!■■  ita-M-i  U.  JL,  las^—Om 
tk«  aoaC  inpoviant  imwqilwi  ctf'  tUs  »  As**  ia  %  fl^ 
npranota    a.   ik^    faartng   s   oaak    at   ^« 
«Hi     At  tbe  eesDe  of  tfaa  OMUc-pia  P  ■  ay- 
pBfldthepwiifcrfiteoaiiiiifiigfoJ;—J«*  p,  . 

tfe  eentn  ef  tfe  bwxa^  B  acta  Ifaa  cqMl  nd  |  r 

oppoMte  nmtinr»  of  Art  fcfariag     Be|KMBt> 

ing  tbe  ooamaon  aagutoile  of  thoK  fiann  I9'  . . 

P,  tkcj  tana  %  coofi^  vtcaa  aMWHt  ■  r"    -"^/^  f 

M  =  P-8?.  ?^/      ^ 

Draw  S  Q  buectzu  tht  a^^  P  8  M.     Cte  8  Q  < 

M  6J1  lb  patiwliiuhr  PQ.    Fma  Q  l«  fcfl  r«.  fll. 

Q  U  pvpeadkralw  to  81L 
GbfealKta  tJbe  dkavUr  cf  tlie  ikA  m  if  to 

irf  P  apiilM  rt  H,  aod  it  »in  be  alnag  <M^  to  fa^  ite 
hfadiDg  and  t^iaiiag  action  of  P  ffhmi  at  tkapaa* 

To  aanm  tfaia  cnaboficalhr,  taldas  the  &c&or  e^  arfely  as  ^  lat 
W  =  gF    Kakathaaa^PSH^ii  tfc« 

aad  til*  diamKw  1  of  tfac  axlaa  k  to  be  aaitarf  to  fta  TTirf  ^ 
Jraalnajr  aerma — 

ir  =  W-81C  =  W-8pl^^^* (L) 

tbatn,  

*=-^7i^ w 
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XSTBODUCnOK. 


T^j.  Tccaii  af  vrkrciib — The  folIowiDg  is  Trodgold's  formula  for 
the  thickness  of  the  caat  iron  teeth  of  wheels,  which  an  to  tnn^ 
mit  the  working  presmtre  P. 

Let  th&t  piefflore  be  expressed  in  pounds,  and  ibe  thidcnw  h  of 
vtuck  tooth  in  inches;  thou 
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Section  9. — Prime  Movers  Clauti. 


77.  Prima  moven  at«  olaased  acoordin^  to  tho  forms  in  which 
the  energy  th&t  drivcB  them  is  fint  obtoiuc'tL     Theoo  are' — 

I.  Mittctiiar  PovxTy  appUod  by  men  to  uiavhiiuTs  uud  implements 
of  very  various  kinds, — and  by  beaate,  cbielly  to  overcoming  resiat- 
nac«  by  trwititm  and  to  canning  of  burdeus. 

IL  Tlie  Weujht  and  Motion  of  Fluids,  acting  in  water  pmmro 
enginee,  water  whods,  and  other  hydraulic  engines,  and  in  wind- 

IIL  Heat,  obtained  by  uieans  of  chomiuul  combination,  and 
applied  to  the  producing  of  changes  in  the  volume  and  presmre  uf 
duida,  so  as  to  drive  euginee,  of  which  the  tiwrn  vn^M  is  the  chiot'. 

IV.  £lMtrieity,  obtained  originally  by  means  of  chemical  com- 
bination, and  applied  to  the  production  and  altemtiou  of  magnetio 
force,  so  ns  to  drivo  certain  engines. 

The  di\'iaion  of  the  remainder  of  this  work  is  founded  on  the 
above  classilicatioD. 


Addendum  to  Abticle  41,  Pagb  46. 

Wtmmtarr  pTMtMaoM-irr.— Id  the  " Pandynamotnetcr "  of  H.  G.  .A. 
Hiru,  the  tonioa  of  tho  rot;\tiD)^  sli&ft  wltioh  traiutuits  power  is  nuuls  tht 
means  of  mouuriikL' atitl  reconliiii^,  l>yn  vulf-actiiis  wpnratoStthe  momcoftor 
tho  cKHi|>lv  by  whi^-b  tito  sliaft  is  dnvan.  Two  toothed  spar-wbeola,  find 
CO  tho  uuft  nt  two  diifuTCDE  iriuiU,  communicate  nrtatioiu  of  «ooal  spud  in 
oppocit«  cliroctioM  to  two  riovcl  wLvuls  which  gear  with  aaa  mtonDodiata 
bsvel  wheel  at  o[>pomte  sides  of  its  rim.  The  axis  of  tb«  thtnl  wheel  to- 
dicstei  by  its  pontton  ooe-bair  of  the  anglo  through  which  the  ehsft  ia 
twisted  batwefRi  the  spur-wheds,  and  commonicstas  Us  motion  to  tlu;  iicQcil 
of  the  recording  apparatoa.     (See  AtMala  dt*  iTtna,  1667.) 


PART  I. 

OF   MUSCULAJt    POWEQ. 


CHAPTER  I. 


ODmUL   PRUtCIPLCS. 


|7&  Wm^'i  «#  >b«  ftM^er*. — AUhoogh  it  has  been  Ahown,  in  • 

ly  I>r.  Joule  and  tlie  latv  Dr.  Soirvaby  {Phil  Mag.,  1845), 

I  acting  oA  prime  moveni  tmve  a  higlu-r  etIiciAncj  than  any 

machines,  still  tliu  preaunt  vtatu  of  our  knuwkdgu  is  in- 

at  to  enable  us  to  frame  &  complete  theoty  of  their  eflicicnoy. 

h  aumai  detemiine  witli  pructsioD  the  whole  amount  of  oneigjr 

'^  a  fftax  auimal  dovelope*  in  u  given  time,  »o  u  to  compare 

WDOmtt  wth  tlie  energy  which  can  be  i-^-ndered  effective  in 

aow  time  in  oven»miag  mechanical  resistance.     All  that  we 

da  is  to  aaoegrtain  by  experiment  and  obe^^i-ration  the  quantities 

\  ^M$iv*  energy  exerted  by  different  animala  working  under  dif- 

drctuiMtanoee,  and  to  compare  those  qnantitdes  with  each 

In  the  preeent  cliaptor  will  be  stated  Romc  principles  whioli  hold 
tlie  muscular  power  both  of  men  and  of  beasta.     The 
of  men  will  be  considered  specially  in  the  aecond  chapter, 
that  of  beaita  in  the  third. 
1 79.  The  Vaflr  w«Hi  of  an  animal  is  the  product  of  three  quan- 
tenttatux  oTcrcome,  the  vdoeitjf  with  which  it  is  over- 
and  the  ntimber  of  units  of  time  per  day  during  which  work 
itinaed.     It  is  known  tfaat  the  amount  of  the  daily  work 
jAiyciids  OD  variouii  circumaCanoes,  of  which  the  principal  ore — 

iX.S  The  uMciea  and  lace. 
1)  The  health,  streugth,  actirity,  and  dispo«ition  of  the  io- 

(&)  The  abundance  and  quality  of  food  and  air,  tlie  climate,' 
ud  oltier  external  circuuistancca  affecting  those  mentioned  und^r 

(4.)  Tlie  load,  or  resistance  overcome. 
^(5J  The  velocity. 

o 


(6.)  The  fraction  of  the  day  employed  in  working. 

(7.)  TIio  uatun.''  uf  the  laacliinc  or  iiuplomcnt  used  in  performing 
the  work.  Thifi  cauM  afiects  men  more  eqiecially,  owing  to  the 
variety  and  oumpluxi^  of  the  macliines  on  which  they  can  exert 
their  muscular  power.  Blasts  ore  made  to  work  almost  exclosively 
iu  two  ways — uy  traction  and  by  eariying  of  burdens ;  so  that 
little  variation  in  the  amount  of  th<-ii-  mechaucal  work  ariaea  fVom 
the  circuQutances  under  the  present  head. 

(8.)  The  praetioe  and  training  of  the  indtiidnaL  This  applies 
|uincipaUy  Ui  niun,  and  in  a  less  dt^rev  to  bcaiitii. 

SO.    ■■flvcae*  ar  Laad.  TdocHy,  and   TiMe  mT  W^«rkfai|  •■   IMUr 

w«riu — It  is  known  that  for  each  indi\'idual  animal  tlu^re  is  a  cer- 
tain set  of  values  of  the  three  factors  of  the  daily  work  vhicli 
makes  their  product  a  mnximimi,  and  is  therefore  the  best  for 
economy  of  [wwcr,  and  that  any  departure  from  that  set  of  values 
diminishes  the  duUy  work.  Various  attempts  liave  been  made  to 
roporeBont  the  law  of  that  diminution  by  an  equation,  but  tliey 
have  suooecded  imperfectly.  The  equation  which  agrees  on  the 
whole  bast  with  olisen'atiun  is  that  of  Mn.<u:hek,  which  is  as  fol* 
lows: — Let  R^,  V„  T,,  i-eprcscnt  reapuctively  the  resistance,  velo- 
city, and  daily  time  of  workinjj  which  give  the  greatest  daily  work, 
and  K,  V,  T,  any  other  resistance,  velocity,  and  daily  time  of  work- 
ing; then 

■R        V        T 

|+v,+f;  =  ' <>•) 

According  to  this  eouation,  the  maximum  daily  work  R]V|Tj  is 
realiEed  under  the  follawing  circumstances : — 

Rj  is  one-third  of  the  resistance  which  the  man  or  beut  can. 
overcome  for  an  instant  and  no  more. 

V,  is  one-third  of  the  velocity  which  can  be  maintained  witlioui 
reaistauce  for  an  instant. 

T|  is  one-third  of  a  day.  This  last  printiplc  is  generally  ad- 
mitted to  be  true ;  the  others  ore  doubtiuL 

The  above  formula  agrees*  approximately  with  experiment  for 
drenmstances  not  greatly  deviating  from  those  iu  which  the  daily 
work  is  a  maximuuL 

81.  influeMtw  af  Otiker  drvmimMmurrm. — The  (nTcomstaiioes  num- 
bered 4,  5,  aud  6  in  Article  79  have  heen  contddered  first,  because 
for  them  alone  has  anything  approaching  to  a  mathentaticnl  prin- 
ciple been  ascertained.  The  enect  of  the  circumstance  7  will  be 
considered  iu  the  ensuing  chapters.  The  influcucc  of  the  other 
circumstances,  1,  2,  3,  and  8,  involves  questions  of  natuml  hi«ory 
and  physiology  rather  than  of  meehiimca  With  rts)[>ect  to  the 
circumstAuce  3,  it  may  be  stftted,  that  other  tilings  being  alike, 


the  indnidna]  ihmt  ou  htnttaaStj 
raovt  food,  can  also  paHom  n 
thtt  rapmdtj  for  tlie  DCDdSaal 
maamxe  on  the  aapacity  liir  tke 
Tohnne^  atresgUi,  and  aoouineH  of  Ike 
and  prBzitT  of  the  air  wpidiBd  to 
tomtucour  poirer. 

li  ia  well  knovB  tlMt,  fa^a 
inavmtea  ihe  fowea  ot  ntfinthm  mmd 

it  ia  ixnpoeaaUe  exactl/  to  de>fr»ia»  tW 
•aimal ;  and  it  ta  eonaeqvaiitljr  aqnaUe  to 
jndne  of  Uw  work  pqfaroed.     Bttt  a  qoaati^  an 
audi  caae  vhtcli  boais  aane  —ii-Mw  faiparti 
rix.:— <Ar  jwvdwtf  yUe  foW  itfr 
«oer  loitdk  >C  w  eoneeymt     Tbat  [iidnct  ■  catM  * 
CTMBpi—  of  its  valoM  vOl  be  pns  ia  the  aBjacL 


ift. 


^^ 


Trrnr^ir 


OHAPTBR  II. 


POWER   OF  HEX. 


S3.  T«M«a  vr  Hip  Fnfanwuir*  af  .Hut. — The  Twmlta  m  UiU  fol- 
lowing tables  are  givm  an  the  authdrity  of  Coulomb,  Nftviep,  aud 
Foncelet,  wHh  th«  exception  of  those  mu-ked  10,  which  are  fitnca 
experiments  by  Lieatenant  David  Kankino. 

T.    WOBK   OF  A  Man   A0A159T    KKOWS   S.ESI9TAXCE!! 


Kna>  or  ExKcnoii. 

B 

Ila 

V 

(fawn* 

RV 

(t-ita. 

PKSBC 

BTT 

1.  RaMd^;  Mi  own  -wd^bt  up 

143 

-10 
44 

143 

6 

133 

2«'A 
(13-fi 

^18-0 
(20  0 

lO-S 

lA 

0-5 

0-7ft 

0-Bt 

018 
IS 

0075 

s-o 

B-O 

2-5 

]4<< 

3-5 

? 

8 

e 

6 

$ 

10 

10 

s 
? 

2n)t]u. 
10 

a? 

72ft 

SO 
34-3 

18-5 

7-« 

9*0 

53 
G3-5 

46 
388 

M 
? 

8,088,000 

•48.000 
633,710 

8M.<00 

M0,800 

88«|409 

1,63<,«M 
1>I9S)000 

Mssiooo 

480,000 

i.  Hsnllng    Dp  vti|;liu    with 
Ki{>e,   and    knrning    tho 

S.  Lifting  wri^la  bjr  faud.. ... 

4.  Cmybig  wvlgtiti  op  nahv, 

Aivd   retunUajt  nnlMited, 

5.  8h<i^-«lling   up   earth    to  k 

C.  Whe^n^' earth  ill  txirroir  u|i 
slofw  of  L  in  13,  4  bora. 
%'«loc.  0-9  ft.  )mr  MC,  ind 

7.  Ptuhlng  or  paUiag  hori2on- 
uOy  (ocpMAB  or  oir),-... 

BL  Tarntagfterutk  orwtodi,... 

£a^)ianation, — R,   roaistance ;   Y,  tffective  vdoeUy  ^  distaxiee 

through  which   U  ia  nvorcomo  ~  total  time  oocupitxl,  Indnding 

the  time  of  movinR  uidoad«d,  if  anyj   T",  time  of  working,  in 

T' 
fw>oonds  per  day ;  ^^,  same  time,  in  hours  per  day ;  R  V,  eflbctiTa 

povrtar,  in  /bot-pounds  per  second;  RYT,  daily  work. 


» 


Knt»«*  Exmam. 

11.  WalluK  luliMdBd,  tanvort 
13.  WlN«i«  load  L  ia  S-«UdL 

11.  mum  fa  i-«ii.  faMTvw,  «<K 
^loMdnd, 

in 

ft 

3 
? 

»1 

1* 
1ft 

T 
< 

m   rft,itMw 

*  I         — 
M244        _ 

IC  C^nj^  bonbo,  far  SO  m- 

fapCmoCHm.— L,  load;  Y,  ^^towir wrftwTjr.  tuwpifM  M  IiAr; 
',  time  of  worida^  in  ieeoodt  per  *iy ;  wJFj'  *•  fc"*"»  P**7»  •• 

UDOuut  of  Ihu  is  given  in  line  1  uf  tbe  taUe  is  Axtade  83^  aarf  it 
greater  Uun  the  work  vUeb  tte  nsa  c»a  fflrff  fc^  i 
aoffe  of  exettian.  The  raoit  smple  ■'^^**  of  i 
Uut  kini]  of  woric  u  that  iiiTented  W  a  VtaBdi 
Oaptain  Coignet,  aod  applied  tothcufiiqgaf  fcanovicf  i 
«(i  excavation  aboat  forty  leet  deep^  A  ^Mrf  ii  eoaatn 
ttsting  of  a  strong  rope  paarfng  onr  a  laqgo  poOty,  and  hcv 
amymdod  at  each  end  oT  h  a  flOj^  or  emdowd  fhUjatm.  fiaa 
bairow  of  earth  on  being  brmi^^  lo  the  tcxn  «t  Ihe  huit  ■  phrwl 
in  the  cage  whidi  has  joit  dwowided  to  the  low  lenL  At  the 
time  a  man  with  ao  tmptj  Wtow  stepa  iato  tha  o4htf  ca|^ 
Imiiiii  liiiil,  mill  ilHuiiminimelmi  aJlTi  it^ cbohs tlw o^ oov- 
bg  the  full  barnnrtori«etDtla8h]|^Krie«d,M^thafca(*V*i* 
remored.  The  man  then  loarea  th«  a^  ta.  vhkb  W  hw 
led,  and  at  once  raturm  to  the  kj^Mr  leval  fay  iwot- 
<pg  a  ladder.  When  he  monnta  the  ladder^  be  iterm  AHvyir  to  an 
antoont  equal  to  the  product  of  hie  irnjdA  iato  the  vnliaU  JMJ^ft 
ttf  aacNit,  Thioh  enargjr  is  expended  «£m  ha  iliii  iiih  fli  oo*  c*l^ 
and  raiaes  theloodin  (heoiluc  A  par^  of  man  am  «BpIo7«(l  ui 
thii  opeiation  alone,  the  banow*  bong  whedad  to  and  ftw  *Jw 
hoist  fay  otlum.     ^liere  ii  ooa  man  whcae  eote  duty  it  ia  to 


h 


86 


uDscinjiB  powEa 


to  the  mHchinc,  and  either  by  hand  or  by  means  of  a  brake  to  cod- 
tro)  the  mution  when  it  tcnda  to  become  too  nt}>id. 

Tho  velocity  of  vertical  asptnt  given  in  tJia  table  being  the 
ejffhotice  velocity  only,  i»  fouud  by  dividing  Uie  whole  height 
uscended  in  &  day  by  the  wholo  number  of  seconds  occupied, 
whetber  in  a»centting  or  in  deacendinn;. 

85.  iJAing  irei«bu  hj  m  B«p«. — The  (liitA  in  line  3  of  tho  tables 
are  obtained  from  the  rvsvilts  of  Uie  exertionu  of  men  in  working  a 
tinging  pi/e  engine,  in  which  a  heavy  ram  moving  vei'tiamy  Ihitwceii 
giddes  is  attached  to  a  rope  paseing  over  »  pulley.  The  other  end 
of  tlie  rope  branches  out  into  «>venil  smaller  ro\ics,  held  by  a  saffi- 
d«it  number  of  men,  in  the  proportion  of  about  one  nian  for  each 
40  IK  weight  of  the  ram.  The  men,  pulling  all  together,  hfl  tho 
ram  from  three  to  four  feet,  and  let  it  drop  suddenly  on  the  head 
of  the  pile.  It  is  found  that  they  work  most  etfvctiTely  whe-n, 
after  every  three  or  four  minutea  of  exertion,  thef  have  an  interval 
of  reot 

86.  Oiber  IfTode*  aT  Bxcm1*ii. —  It  is  scarcely  necessary  to  state 
that  in  none  of  the  lines  of  the  tirst  table  except  that  marked  I  is 
the  weight  of  the  man  himself  included  in  any  load  which  he  is 
atated  as  moving. 

In  line  6,  the  resistance  B  ^  132  Itw.  is  the  net  tceiyhl  of  the 
earth  in  tlio  barrow,  and  excludes  the  weight  of  tho  Iwrrow 
rtiwlf.  The  mean  actual  velocity  going  and  returning  is  I'd  feet 
per  second  ;  but  as  the  ^txtive  velocity  i«  to  U*  comput«.-d  from  the 
distance  travelled  vAen  loaded  only,  it  is  one>half  of  1  '8,  or  0-9  foot 
per  eecond ;  and  as  the  rate  of  ascent  of  the  8lo|ie  is  1  in  12,  the 
effeotire  rcrtical  velocity  is  0-9  -^  12  =  0O75  of  a  foot  per  second, 
as  pet  down  in  the  column  V.  It  is  to  bo  obscn'cd  that  the  work 
eet  down  in  this  line  is  tliat  due  to  the  vertical  raising  of  the  earth 
only,  and  is  by  nn  means  the  whole  work  performed  by  the  man  ; 
the  convejTJig  the  ejirth  hori7/>ntAlly  also  involves  the  overcoming 
of  naiatance  and  performing  of  work,  though  to  what  amount  is 
only  known  by  a  rough  approximation  to  be  mentioned  iu  the  next 
Artiolb 

Line  7  shows  that,  next  to  raising  his  own  weight  up  a  ladder, 
the  most  favourable  modes  of  exerting  a  man's  strength  are  tho 
inishing  of  a  capstan  bar  and  pulling  of  an  oar. 

Ne-xt  in  amount  of  daily  work,  oft  shown  by  lino  8,  is  the  turn- 
ing of  a  crank  or  winch — the  ordinary  mode  of  driving  purchase^ 
cranes,  monkey  pile  engines,  and  a  great  variety  of  other  mafAunee. 

The  result  in  line  9,  rohitive  to  working  a  pump,  will  also  apply 

to  windlasses  which  are  worked  by  levers  in  the  position  of  pump 

handles.     It  applies,  amongst  other  pnmps,  to  those  of  hydraulic 

preaaea — a  kind  of  machine  which,  although  generally  worked  by 
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men,  inToIves  hydrodynaiDic  principles,  vhich  iiuike  it  necessary  to 
defer  its  consideration  till  Part  II.  of  tiiis  work. 

In  line  10,  relative  to  swinging  a  15  lb.  hammer,  some  of  the 
data  are  wanting,  and  the  result  ia  donbtfiiL 

87.  TasMVMtiiv  !<—*■■ — In  the  second  table,  the  only  line  in 
which  the  weight  of  the  man  is  taken  into  account  is  that  marked 
11,  where  his  own  weight  is  the  only  load  conveyed. 

By  comparing  line  13  in  the  second  table  with  line  6  in  the  first, 
it  ^pearB  that  the  exertion  of  wheeling  a  load  of  earth  horizontally 
in  a  one-wheeled  barrow  from  ten  to  twelve  feet  or  thereabouts, 
must  be  nearly  equal  to  that  due  to  the  nosing  of  the  same  earth 
one  foot  vertiodly  in  wheeling  it  up  a  slope. 
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CHAPTER  nt 

rowxR  or  borsu  a»d  other  biasts. 

68.   VabiM  vf  ibc  PMftraiwice  ^r  HarMB. —  The  results  in   

faOmring  table  ore  given  oq  tbo  authorit)*  of  Navior  and  Poncdel 
aaoant  i&e  line  miu-ked  1,  which  is  from  i-xperimcnts  by  Mr.  Det^ 
*^™K»r  and  the  Author.  Line  3  contains  the  moan  of 
fiMilta  gf  eamcriment^  on  dra^nght  hones,  and  maj  be  ochl- 
tka  mrnamfi  of  thoir  ordinary-  pvrfoimance  under  the  most  &toi 
I  to  time  of  working  and  \  viocity. 


p 

I.  Vouc  or  A  HossE  aojiikst 

A    KXOB'N  KCBUTJUrCE.          1 

1 

Sta^mtMmaam.                  & 

V 

T 

Mm 

RV 

BTt 

L  Qaa^K  mA  Mtttoc  iraw- 
Tilhc  (dmiglit  bom), 

f  mln.  231' 
<meftBSO  i 
(max.  50j 

130 

100 

0S 

1*8 

a-fi 

8-6 

4 

8 
B 

447i 

482 

800 
429 

€,444,000 

12,441,<0> 

8,840,000 
6,9M,000 

4.IMlto,M3« •.• 

I 


— K.  nwistonw,  in  lbs.;  V,  velocity,  in  feet 
BMOB&;  T-^3600,  buurs'  work  per  day;  RV,  work  per 
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IL  rsumUAXOS  or  a  Hobsx  zk  TaAxsroRTmo  Loads 

HOimOKTALLY. 


1  *..-» 

L 

T 

T 

im 

LV 

LVT 

^e«tN  ******** 

t,ftM 

8-8 

7-2 

24 

10 

** 

10 
10 

7 

S.400 
&,4I}0 

8,000 

972 

f,39fl 

194,400,000 
87,480,000 

108,000,000 
J4,992,0O0 
8?,659,200 

BOBSKS—OXICN -WHOLES — JL8BB8, 
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£tj>ianatwn.—h,  load,  in  tb& ;  V,  relooitj  in  feet  per  aecund  ; 
T  *  3600,  working  honrs  per  day ;  L  V,  uruisport  per  seoond; 
li  T  T,  tnaispart  per  flay. 

Table  LL  has  reforeooe  to  oonveysaoe  on  oominon  roods  onjy,  and 
tboM  evidently  in  bad  order  at  respects  the  resistanco  to  traction 
upon  tlienL 

The  average   power  of  a  draoght  honw,  as  given  in  line  S, 

43a 
TaUe  L,  being  432  foot-pounds  per  Moond,  is  =7^^  =  0*784  of  the 

eonveotioiml  value  assigned  by  Watt  to  the  ordiuaiy  unit  of  the 
nftle  of  work  of  prime  movent  (Article  3). 

an.  Otum,  timim,  *— m — Authorities  differ  coodiderably  as  to 
the  power  of  these  ammaJ&  The  foDowiug  umy  lie-  taken  as  an 
appruximative  campuiean  between  them  and  draught  honua : — 

Ox. — Load,  the  same  as  that  of  avcrago  draught  borw ;  beat 
vclf-city,  and  work,  g  of  horac. 

Mi'ix — Load,  one-half  of  that  of  average  draught  hone ;  bent 
-vdodty,  the  same  with  horae ;  work,  oue-hulf 

Afli — Load,  one  quarter  of  that  of  average  draught  hone ;  beat 
■valoci^,  the  iiiune  ;  work,  one  (juarter. 

90.  nmwu.  cto. — In  this  nmchine,  as  is  shown  by  line  3,  a  hone 
wurka  lea  ad^imtageoaaly  than  in  drawing  a  carriage  along  a 
Miaight  track.  In  order  that  the  .beat  poseiblo  results  may  be 
poaliied  with  a  hone  gin,  the  (liuuiet4.T  of  the  circular  track  in 
which  the  liorse  walks  nhould  not  be  leas  than  about  foi-^  teot, 

Hi.  TnrtJ  VkMia  r«r  BatM*  aMI  Ox«m  Lave  been  used,  each 
dHuiftiug  of  ft  plane  circular  pbitform,  rotating  nbont  an  axis 
XKOewhat  inclined  to  the  vurtical,  aud  ribbed  to  prevent  the  feet  of 
the  animal  I'ntm  slipping.  The  animal  walks  continually  up  the 
tiofm  of  till-  platform  at  or  near  one  cud  of  the  horizontal  diameter, 
as*!  by  ita  weight  causes  the  platform  to  rotate  against  a  reeistancv. 
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CHAFTiS£  L 

OF  BOuacES  or  wjon.  pok  rawtiL 

93.  w^Mi  ar— «■■  fc  BMWt — Tht  ndffaml  wanne  id  waUr 
a  the  BoLu-  hokt,  wUdi  erBpontcc  liqsid  wMcr  from  the 
of  the  earth  ukd  aoi.  TW  TSposi;  condeBHi^  ia  tbe  npper 
aoUer  rq;kios  of  tlie  ■tawnJwwg^  bSh  u  tmut,  bjmI  Soram 
vhoae  wAten,  in  deaoendtng  firam  m  higb  to  a  Ltnr  lavd, 
CDR^  ecjuaJ  to  the  prodoct  of  the  wdf^t  of  tnater  vllicit 
into  the  height  thnxidi  vfaich  h  dweepda.  In  Uw  nataEftl 
tiou  of  ft  stnom,  llie  whme  cf  Uie  010x7  ^^**  ^  '^  deiooit 
'ito  wftten  is  Mnf^jed  io  wewing  aad  aaTjrisi;  aw^  the 
I— terials  of  its  bed,  and  in  pcodnoiiig  heat  I7  fisetaon ;  bvt  hy 
I  |«op«rr  tnanageoMaity  a  part  of  that  energj  ean  be  made  araikble  to 
I  MtToame  tbe  rariatanoe  of  madunca. 

The  art  of  coUoctiog  and  distribuiiii^  for  aerftil  |iunnaBs,  the 
1  non-fall  of  a  dutrict, — ofplannhig  and  makiDg  itmrrmn  fat  itoriag 
||irt  of  it  in  loaaoas  c^  flood,  in  ordo-  to  wixgi^y  ita  dfAeaeaey  in 
I  of  droogfat,  and  of  adapting  natnvml  lacevtoaMvertiwainia 
-the  art  of  maerving  and  impnmng  the  naterBl  'tranafih 
vliuli  it  flows,  and  of  (JaoniDg  and  malring  artificial  chainicb, 
-.    a  gnat  and  impf'ttant  liianch  of  nvil  ecgioeering,  and 

.  u.'  cuusidcred  within  the  limits  of  the  preevul  treatiM:,  whuie 

80  apj^ied  u  wato*  pover,  is  to  wt  Icnth  the  prinoplea  and 
<  mode  of  oedon  of  those  engio»  whidi  render  that  power  avail' 
vhui  a  oo&Tenient  Mmioe  has  been  obtained;  that  ii  to  sajr, 
laMnam,  dwhaiging  a  given  quantity  of  water  per  Moood,  and 
Bg^S^^^ot  Terticaldfieccntwiiliiii  a  convenient  difltanoe.    Bach 
tcaobiitataoa  of  cucomstanoea  makes  a  "  xiu.  utb"  or  *'  Ti»x:u'' 
93.  V«iMv«f  ■  Van  ar  ww    ■OriwirT.^Tha  groag  power  of  a 
of  water  ii  the  product  of  thft  leeiyhi  of  water  discharged  in  a 
unit  of  time  (mch  as  a  aecoDd,  ur  a  mioate),  into  Uw  Idol 
that  ia^  the  diflertncv  of  volioal  elovatwn  of  t^  vpper  mrfoce 


93 
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o/ t^e  vjoter  At  the  points  where  the  fall  iu  question  begins  and  f 
To  «xprcn  this  in  symbola,  lot 

Q*»  the  flow,  or  Tolunie  of  water  difichai^ed,  in  cnbie  feet 
•eooud; 

D,  tho  weight  of  a  cubic  foot  of  water,  in  lbs.,  =  624  lbs.,  a 
H.  the  total  head;  then 

DQH (I.; 

,  in  foot-lbft.  per  second;  which  being  divided 
^  ■  horse-power. 
Ht-Tcin  ineroiyauBAcert^n  Atuo/'/Mat^arifflngfTorathe 
of  eoecgjr  in  iiuioua  way*  to  be  afU>r*'anlB  mentioDcd.  That  -.._ 
can  ttgoally  bo  computed  in  the  form  of  a  ceit«in  frt*cUoD  of  the  wh 
«nerg7  exerted ;  let  k  denote  that  fraction ;  tfa^  the  ^^xtive 
io  foot-lbs.  per  Koond,  ia 

(l-A)DQH; (i> 


tUBM 


I^VM  iM  gron 


and  the  ^ficiencjf  is 


I  -A; 


•a 


i  H  i»  called  the  /<U5  of  head,  and  (1  -  it)  H  the  ^active  fufod. 

94.    ncaaartMoU  ^  m  ••««(!  at  Wain-  Pawer.— Two  things 

to  be  measured  about  a  fall  of  wnt^r,  the  head  H,  and  thp  flow 

The  head  w  measured  by  the  ordinary  operation  of  levelling.    1 

flow  is  measured  by  difioreut  methods,  at'cvjrding  to  circumstanoi 

L  In  large  streams,  the  flow  can  in  general  be  only  maasav 

dinctly;  that  ia,  by  finding  the  area  of  cross-section  of  the  strM 

■easunDg  by  suitable  instrumentu  the  velocities  of  the  current, 

wioos  points  in  that   cross-section  ;    taking  the  mean  of  tbi 

v^xittes,  and  multiplying  it  by  the  sectioual  area.     The  hh 

aimnient  instrrancut  for  such  menaurGm(>itts  nf  velocity  ia  a  niii 

briit  n>rolving  fan,  on  whose  axis  there  is  a  screw,  whicli  driv« 

Qua  rf  wheel  work,  carrying  indexes  tliat  record  the  number 

nvohtiotis  made  in  a  given  time.     The  wbok^  apparatus  is  fixed 

Aa  end  of  a  pole,  so  that  it  can  be  immersed  to  different  depths 

Onmt  parts  of  the  channel     The  relation  between  the  numb 

»*iwokitioMofthefan  per  minnt«,  and  the  conwponding  v«icid 

<<te  wnut,  should  be  detenuiued  experimentally,  by  moving  t 

I  Ml  ■■nil  with  different  known  velocities  thmugh  a  pieoa  of  at 

^^m,  ^  nrtbg  the  revi>Iutions  of  tlw  fan  in  a  given  tun& 

Q.  ITWntnttL  the  want  of  the  proper  instmrnent,  or  any  oth 

aM^^  i^odtT  rf  ****  current  cannot  bo  measured  at  vurioi 

,MMb.^lMrrfi»  swiftost  part,  which  is  at  the  middle  of  t\ 

M^m  rflWltiMQi"  *«  '***  by  obsKn-iug  tho  motions  i 

«r  — .-j.t-,;V4-  frati^  ^^  **"*  greatest  velocity  j 


HKiUtnWUQffT   or  tOCMS   or   VATXE. 
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(nt  per  aecond  be  denoted  by  V;  liwn  aooording  to  an  empirnl 
fannalA  of  Floy's,  Uw  meui  velocity  u 


771  *Y 

10S8  -^  V 


(1.) 


ITI.  When  the  scnun  u  so  small  thst  it  in  practicable  to  make 
roas  it  a  t^mpomy  war,  such  a  weir  in  to  W  nui'le,  care  being 
taken  that  it  snail  be  perfectlT  water  tight  at  evi^ty  point  excopt 
the  outlet  through  which  the  whole  flow  uf  the  stream  is  to  pa«R. 
The  nte  ought  to  be  ehoaen  with  a  Tiew  to  the  ti^htneas  oud 
BBeority  of  the  weir;  and  tiie  channel  of  the  stream  immediately 
bdow  the  weir  should  be  stmight-,  in  order  that  the  ni|Hd  conmft 
nuhing  6roni  the  outWt  may  not  injore  the  banks. 

Hm  DQtlet  should  be  a  jtatch  ordeprearion  in  the  upper  edge  of  a 
t'cfftieal  board;  benci;  weirs  of  this  class  are  called  ndak  board*,  la 
&g.  24.  A  repre- 
«iiu  a  front  new, 
and  B  a  Tertical 
woCion,  of  a  Doicfa 
Uurd  with  a  rec* 
tangular  notch. 

Tht  nde«  and 
trttom  of  tho 
uotrh    BhotUd    bo  "«■"• 

chami'ered  to  a  fine  edge,  with  a  vertical  surface  oppcned  to  UtA 
vkter  in  the  pund  aliuve  tlie  weir,  aa  shown  in  the  sectiun  B;  and 
better  to  fulfil  tbia  conditiim.  the  notrh  may  be  edged  all  round 
thin  nheet  imn.  The  object  of  this  is,  to  prerent  as  far  as 
n1>le  the  friction  and  onlit^dnn  between  the  water  and  the  edge 
notch  from  inteH*ring  with  the  result 
vertiaJ  scale,  divided  into  feet  and  decimals,  and  having  its 
at  thtf  lerel  of  the  lower  edge  nf  tho  notch,  is  to  bo  pUoed  in 
I  food  above  the  notch  board,  al  some  puint  where  the  water  is 
■  tMoaibly  still,  or  baa  a  very  slow  motion  only;  ami  the  height 
thiA  the  surface  of  the  water  stands  on  that  soale  ia  to  bo  noted 

tsine  to  time. 

L«t  A  be  that  height,  in  feet ;  htbhe  the  breadth  of  the  notch, 
abo  in  feeU  Tlien  the  flow,  m  eubie/eet  j>er  aeccmd,  is  given  hy  the 
formuhi 

a-^'hhJTJl; (1.) 

Sa b«inf  04*4,  and  J2$k  the  velocity  due  to  (he  height  h\  while 
0  u  »  fraction  caUed  the  oo-q^EcMK  of  amin^ion,  expressing  the 


^^^^ 
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rauo  wliich  the  sectional  area  of  the  most  contracted  part  of  the  jel 
or  OBso&de  flowing  from  tlie  notch  bean  to  the  area  of  the  reotangli 
b  h. 

The  above  formula  may  also  be  exprcmed  as  follows  :— 

Q  =.  fi-35  c  b  /J •{2.) 

It  ifi  advisable  that  the  breadth  of  the  notch  should  not  be  led 
than  one-fourth  of  that  of  the  weir.  It  may  liavo  any  convenieni 
breadth  from  that  umouiit  up  to  tht!  unUre  width  of  the  wotr. 

The  values  of  tho  oo>cfBciciit  of  contraction  iuk— 

For  a  notch  of  \  of  the  width  of  the  weir, « "jj 

For  a  notch  of  the  whole  width  of  the  weir, H 

and  for  intermediate  proportions,  the  following  uinpirical  formolft 
very  nearly  correct : — 

'  '  »"  *  WB w 

B  being  the  breadth  of  tho  weir. 

When  the  velocity  of  the  current  at  tho  point  where  the 
scale  stands  ia  too  large  to  be  neg]oct«d,  let  04  denote  that  tc 
(called  the  twfooify  of  approach),  and 

the  height  due  to  it     Then,  according  to  Mr.  Neville's  work. 
Hydraulics,  the  flow  is  the  difference  hetween  that  from  a  still  po 
due  U>  the  height  A  +  k^  aud  that  due  to  the  height  Ag;  so  that  il 
is  given  by  the  formula 

Q  =  5-35  c  &  {(A  +  A„)»  -  K^} (^) 

When  Vo  cannot  be  directly  measun>(],  it  can  be  computed  approxi 
inately  by  taking  ait  upproximnte  value  of  Q  &om  equation  3,  am 
dinduig  by  the  sectional  area  of  the  channel  at  the  place  where  th 
scale  stAnda. 


,1*0 


h 

B" 

535  f,  357 


Table  or  Values  or  c  aki>  5-35  e. 
0'9     o*8      07      06      o'5      o*4 
•667      *66      -65      -64      -63      '62      '61 


353    3-48    34*    337    333    S'^^ 


03 

-60 
3'»i 


'59S 
3-i8 


*  A(  U  Mullv  tiompultid,  w  TollowN  by  the  aid  of  an  ordlnsij  tobk  (rf  tqaBm  vA 
eubn ; — Look'bi  tba  column  of  M)iuna  lor  the  nbuest  aqmsra  to  It;  then  ppposlt^  i* 
tl»  eoluiDti  of  eabeo^  will  be  to  tpproxliiiata  vaJu  of  At. 


KOTCB   BOAJUtt — ORinCBa, 


US 


rV.  Besides  the  Tuialiona  in  th*  co-eflicioDt  of  contrartiou 
tlrcwly  sUwI,  which  depend  on  the  pruportion  betvt^cu  the 
breadths  of  the  weir  and  of  the  notch,  there  are  other  variations 
vhich  have  been  reduced  to  uo  gent'ml  l»w,  depending  on  the 
proportions  of  the  dimensions  of  the  notch  to  each  other. 

To  avoid  this  inconvejiience^ 
PwA—ff  Thomson  of  Bel- 
t  Iriw  tdopted  a  form  of 
aoteh  in  vhich  the  section  of 
the  issuing  jet  is  always  of  a 
similar  fif;"">^that  is  to  say, 
a  tnaui'lif  with  tliu  apex  down-  _ 

li«i*.aainfig.  25.  '  "(f- *^- 

Let  A  be  t^  depth,  in  feet,  of  the  apex  of  the  notch  Wow  Uif 
Hnfiioe  of  still  watur  in  the  pond,  6  tho  lir««dtfa  of  the  notch  ai  Oi" 
end  o/  ti*A  tuyfaee  of  stUl  vxUer ;  then  the  area  of  the  triangli- 
Ktandod  bj  that  level  and  the  edf^s  of  the  notch  \a  \hh;  and 
ttuKtiy  gbiie  for  the  diiichargo  in  cubic  fbet  per  second — 

<i  =  %^.J^: (5.) 

Mr    Tlioinson^s  expcrtmenta,   made  for  the  British  Associailou, 
pre  for  the  co-«fficient  of  oonttuction — 

when&=  3&,c^  -595; 
when  6  =  4  A,  c 


==-595;l 
=  620; / 


.(6.) 


oentl/  for  the  dischargo — 

when&==3A,Q==3-54Ai; 
when  6  =  4  A,  Q  =  5-3  A'l. 


"(7.) 


y.  Instead  of  an  open  notch  in  the  top  of  a  weir  board,  there 
hMj  be  an  orj^ce^  or  a  ra^  of  orijiees,  wholly  buueath  tbe  level  of 
1^  water  in  the  pond.     In  that  case,  on  account  of  the  variationa 

t2ke  co-«fiicieut  of  contraction  wbidi  occur  when  the  orifico  has 
wioQS  profortioDS  of  length  to  breadth,  and  alxo  when  the  ratio 
i  the  AeoJ  of  water  above  the  orifice  to  Uie  breadth  of  thi^  nriiic<^ 
-aries,  it  is  deainble  to  select  snch  forms  an<I  proportaons  as  «ball 
ire  line  to  the  smaUeNt  Tanatioui*.  For  that  pui^ioee  the  orifioea 
booM  be  made  dther  square  or  eireuiar ;  and  their  size  should  bt- 

;b  that  the  height  of  tbe  surfaco  of  dtill  water  in  the  pond  iduill 
ot  bv  luM  at  any  time  than  tlin--<>  tiroes  the  diameter  of  uii  •■ri- 
o«.     Theao  oonditiotu  being  (ulUllt-d,  let  A  be  the  arc-a  of  au 


••  WATIR    POWKK  AWD   WISD   POWZB. 

"vi^MV  ^  tKs  (lepth  of  its  eerUre  IjoIow  the  upper  saAee  of  i 
'  ~'f  tfam  tlie  flow  through  it  in  cubic  feet  per  second  k 

q  =  eAj2jl; 

Uk  vmbm  afe  heang — 

FartoMBdwiBeM, o'6i8 

Kr  i^p^n  onicei, „ o'ti 

I^YMii«ifiCM..~ 49b 

Varmi^mm^tBBk..^ 4-815 

X*  ^«;f  wmimm  «>w  «3  h«  incvmd  by  unng  the«e  co-cfltcieir^ 
■MM  «ha  lk»  JMighl  A  UU  to  d9«Ma  the  diuneter  cf  the  oritic. 

^Tl.  VWb  Ifc*  «%B  «f  m  Offifim  put^  coincides  with  tlx.-  b»iv 
Av<^4U<iMBdh7«Uahtbe  water  is  brought  to  it,  ao  thnt  thr 
'■atv  i*  fB^i^f  J">M  u>  *  stnight  oouzm  towKrds  thi 
AttamnuM&imK^i  fmtiitt  eomtnetion;  and  in  comrmn  , ;  >  1. 
dM^Hgi^  iakearf  «f  Ifca  oiMAeaant  c,  there  is  to  be  empiojred-^^| 

c  +  0-09  n; {loM 

n  yuaag  the  fractaw  af  tlw  ai^  of  the  otifioe  which  coincides  waff 
tiw  border  of  tks  rhaawri  llua  fbnnala  is  Mr.  Kevilte'n,  aud  h 
shown  hj  Wm  to  W  mmibij  oorrect  when  n  ia  any  fraction  w* 
exceeding  j. 
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OP  WAVBB  roma  exgines  in  aENERAiw 

95.  r«MK  Mid  Afffdngr*  Af  Wnf«r  P«w«w  KagiBak — Tn  evrrv 
water  power  eogine,  or  iu  aioucctioii  witb  it,  there  exist  the  fnf- 
loving  pHTtd,  or  )«rtM  «]iii\-nleiit  to  them  : — 

L  Th«  cuAiiHEL  OF  BUPi-LV,  OF  iiEAD  BACE,  whcTchy  vater  i» 
limuj^it  to  th(!  i-tigiiip,  aii'l  u-Uieh  t^^xUiuls  from  the  Ix'pnuLUg  of 
the  tall  to  the  place  where  the  water  bv^nR  to  act  on  the  mcohn- 
num.  It  may  )>o  nu  uffun  conduit,  or  a  cIom-  |>i|>o,  or  a  combiua- 
tioD  of  both.  FCcnnnmy  of  powex  requiren  that  it  fthnuld  he.  aa  largi> 
«»  poKible :  ecoaomy  of  hivt  cost  tluit  it  should  l>e  as  small  aa 
poenblA  The  right  mean  ia  a  matter  for  the  judgmont  of  the 
cnginfier  in  each  particular  oaao.  Tliis  chaimel  usually  commeacca 
at  ft  head  reacrvoir  or  [loiid.  and  the  lower  end  of  it  is  sonietimra 
c(  aoch  diroenidonit  as  tin  constitute  a  itecond  reservoir  or  prntstodc. 
The  lower  end  of  the  f^upply  oliunnel  ia  of  variouH  kinda  lUid  foruu 
•ooortling  to  th«  natnrH  of  the  c upne- 

II.  The  itAKre  cuahhel,  or  bye  wash,  whurcby  any  flow  of 
wat«r  which  ia  in  excess  of  that  required  fortJie  stream,  and  which 
thero  is  not  reacrvoir  room  to  sstoK,  is  dischjirgud  into  the  natural 
dnunagc  chaunelit  of  tho  country.  Tlua  generally  commeaces  with 
a  wpir  ur  ov<^rfall  fomting  |>art  of  the  boundary  of  a  nservoir,  and 
of  such  U-n^lh  that  the  greatest  poasiUe  6ow  of  waste  water  con 
•-vajM-  nvtT  it  without  n«iug  tn  a  dangemuR  or  inoonveniant  height. 

III.  The  Kfitit'LATOtt,  being  the  iduice,  valve,  or  other  appuniuii 
whereby  the  flow  of  water  ilelivered  by  the  ln^d  race  to  the  engine 
i»  adiTisttid  to  the  work  to  be  performed.     For  raisons  which  will 

rds  ap|H.tu-,  economy  of  giuwer  i-eqiiires  that  tb«  rcyiilfttor 

:   i«  UK  crloAe  aa  poasible  to  the  engine,  and  then-Xnn:  at  thu 

lowvr  end  of  tU«  cbaoQel  of  supply.     The  regidutor  is  vnry  fre- 

qnmtly  fonrrtilled  by  a  governor,  usiiallyof  the  revolving  pendulum 

daaK  (Art.  do),  of  which  the  details  will  be  exemplified  farther  on. 

IV.  TIiQ  rKonni  pbopeb,  being  the  machine  to  which  the  water 
tnuiamitR  energy. 

V .  Tlic  TAIL  KACK,  by  which  the  water  is  discharg^xl  after  having 
drivfm  the  engine,  and  which  terminatea  at  tho  bottom  of  tho  fall. 
ITie  aaiue  princtplei  of  economy  of  power  and  econumy  of  coat 
apply  to  this  as  to  tho  bead  race. 

if 


most  common  of  all  wat*T 

rV.    UORIZONTAL    WATER    WHEEl 

ralating  in  a  HorizuutAl  plane, 
of  water. 
Rams  and  jct  ruMrs,  in  vhU 
And  u  used  to  drive  Another. 

anij  st'.'ttiliucss  of  tiKitifin,  and  m\ 

ongioeji,  sotnetimt.'Si  ocaiHtun 
ihliitj^  tticm  in  evorything,  ext 
'  an*  produced  artificially — for  en 
OS  iii  tUe  conuuou  hydraulic 
■a  in  fiom«  Kydraulic  hoiata  auJ 
fur  ilriving  fiue  manafavlurini 
ffiwA  br  pumping  steam  engines. 

€^K^  machincB  are  not,  prui>ur]y  i 
4tenu^  eiirrgy  from  luitiin]  aourooe, 
«i^  far  timniiiinitTiinj;  and  couveiiien< 
by  tui-uus  of  otlior  prime  mo 
and  action,  however,  witl 
tvndtjrs  it  ad^nsable  to   con 

•  ouatiDiKiua  and  uuifurm  stream 

pi*r  8*coii<l,  luid  wei^hT  of 

the  Iji'L 


ffouB  or  ISDCT  or  a  ru&  or  wj 


"hut  MrfKwbg  tbe  wcmrcx  io  be  a  iuhviui,  vW»  tfac  wha^  a 
It— tnhUj  the  stnun  viU  nov  I7  i«t  6**  ' 


=  ^/^y^H-->; 


vUch  bang  added  to  ^  if  Blirj  of  «nk  ia 
nmidiKaD  Q  H,  Uir  toUl  otiffaai  }uvec. 

SexV  let  tfae  itnmm  be  MtipUBwi  ta  deHod, 
Um>  tLii  the  Tclodir  of  nrroit  i>  aoB 

gnalhcMl  H  to  ibe  lew  itBntiiia  c  ftba>n  Ae  VMdm  «r  ifea  U. 
Thn,  w  in  the  luC  eaavk^  «|»iiofi  X  tWflt»B«fl  ■(  A 
litter  pobt  f  JMI—  tbe  power  cf  prfnraimg  DQx  ft.4a.  fi 
■MOod  onlj  of  week  4y  ite  etiji'^/  hrt  ili  /iiwi  «a  kn 
faeoaou^  m  Ifat.  on  the  iq«s«  lbo«— 

p  =  D(H-s);^ gL) 

ind  BT  HXABS  or  RB  PISBCIX  tfce  atma  viD  fce  ciqaUe  af  fa 

IbauBgvcsk  to  tbe  aatmuivf 

,  Q  =  D  Q  (H  -s)  <l-n»  ps  Hmd. 1&) 


vkidii  bdng  aided  to  tbe  ({oaatitf  at  voclc  m 
4nen  tbe  ta«el  origiied  |<mr  D  Q  H,  aa  bgioM. 

I    H4pw«e,then,llirtif  it»B>eiw«ailBfcr«! 

'^dnlataiy  wiOumt  raaatace  ttom  tba  riwaliua  B  to  07 

dmalioQ  ebore  the  bottom  of  tW  EkU,  and  if  the  m^mm  at  <be 
btter  denlioD  wen  j>  Ifaa.  00  tbe  aqom  fboc,  Md  Ae  velaeity  * 
IrH  per  secockd,  tbe  p>w«r  or  cckt^  per  weeod  *t  tbet  rli  iwtm; 
bang  equal  to  tbe  origm&l  powo,  woadd  be  taqtnmtA  hf 


»f    or,  iftbe  Ar^(lu0<e<i«pre»HrabedeDotedb;y-«-II — 

In  thii  exprcaiU'Q, 


AXB  Wm  FOVZB. 


tw 


er  mftaty  for  perfonn- 
Ipjr  vc^^it  and  {iiiUBiir& 


^  fifiity  fiv  performmg  work 


(9) 


.  +  3^  +  g=H. 


.(10.) 


ioa  i^  wfecR  the  velocity  of  t)ic  stivwa 


•*S! 


ha^^dM  lotbepreaBQre,p-^D, 

aMrfAMi^  which,  if  thu  etrmm  hav  «] 

w,  i>  cqakl  10  ttw  original  head  H.  ^ 

ikM  Al«d^  and  the  present  Part  of  the  ttvatise, 
•pKifirdl,  /mtmre  is  tuod  to  me&n,  the  noess  of 
^^  mtr  mkan  Aai  <if  the  almo9phtre. 
^WK^  i>  tW  form  in  vtiich  tlio  eflect  of  wuAte  t>f 
.  «if  «M«r  ftaring  its  descent  is  most  con- 
1%  may  be  denoted  in  the  form  of  a  oortuo, 


tte 


DQ(H-A)  =  (l-*^I>QH, 


- -: 

(3.) 


^ 


\ 

bot- 
wii* 


^^yj^^P^wAnwrgyoxBrted  per  second  bythcfiiU  on 

i-*'=V. f^) 

**  ^**   J«i  1^  «iW»«V  **>*■*  >*  *  further  waatft  of  tlio 
\^l^  MHtlwiooit, » that  the  i«s/«/  «^bc<  is 


^H.. 


.(4.) 


LOM  Of  HXAI> — I 


I«l 


iLral-i^utk 


yd* 


(l_i^  (1 -ir^  =  1 -A  ^  a  ArtKie  M|. 


-^) 


A 


ifae  I  iiiiiflHiir  ^teimvf  of  tfca  fafl  «J  1 1  ■■  i  ■ 

The  CKUBB  of  kw  of  1k^  BCb  tfce  v^Mi^  iT  Ak  cv 

tul  xaoe^aad  fitDdfiaeCMBL 

L  Cwrml  m  l4*  ImI  raoe.— 4/  ^  fas  the  vrfadty  viift 


Wft 


beMkxew 


stnnn  B  dbdmtsed  Mloag  the  Mfl  XM^  ihq*  1 
«*->-3y  to  {vodnoA  thatTeiodt^,  vUdh 
Henee,  w  atatrd  ia  Aitide  »5,  tke  teB 
M  coMMtont  wtth  <fae  euuuuwj  af  intoiMt. 


-a) 


is  Afl  EDMn  rdoolf  of  tbe  cvzro* 
TW  (OM  of  bcMJ  fraa  fiiieckn  k 

Ui>tu,ta>eproifactof  theMg>**»toA>  iiJiutf  ly  a^faftrfT 

^■BMwtoni  of  the  iwy. 

Tbefriolka  tauacaeet  ikopiB  lAi^Di^  Wpalaail  •  Ai^ 
vttf  of  tlw  ivrfw*  tad  «  Ids  «f  aefil  ka4;  b  •  vIhi  « 
uluB  edect  by  dimaaUag  ifciniii—ii^  ■■!  i^ 
toH. 

A  f.>wT»ioc«ofthefcc*«yJf8trffcyyfai» 
m  liliil    "  iiiilii  III!  rill  if "rii»|i  Tllili 
be  rriKsfced  in  grokter  dedal,  sod  viifc  Krcai 


'STi 


"^yag  — 8ti«i|iit  cjiiDdziMl  moot^aeee, 


iMWTOir;^ 


r=M05.. 


.-««i) 


-!»') 


Tbe 
tDlbBBdeof  Uw 


IBOaCllIMM  BAlOBg  ife  lagb  <  viOi 


7  =  0-505  +  0-303  mm.  i  +  O«0  «a^  ». l^i^\ 
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WATEB   POWEB   ASD   WCTD   POWKS. 


For  a  mouthpiece  of  the  form  of  the  "  eontnicted  vein,"  that  la, 
one  of  Kuch  a  form,  that  if  d  be  iU  diametor  on  leu^TDg  the  resei^ 
voir,  then  at  a  distance  d~2  from  the  side  of  the  reservoir  it  oon- 
tracta  to  the  diameter  "7854  d^ — the  resistance  U  iuseuitiUe,  and 
¥  nearly  =  0. 

V.  Friction  at  audden  enlargemenlg. — Let  A  be  the  BCctional 
area  of  a  channel,  in  which  a  sluice,  or  slide  valve,  or  some  such 
ohject,  produces  a  snddea  contraction  to  the  smaller  area  a,  fol- 
lowed by  a  sudden  eulargCDicnt  back  again  to  tlie  original  area  A. 
Let  V  =  Q  -r  A  be  the  velocity  in  the  enlarged  part  of  the  channel. 
The  effective  area  of  the  orifice  a  will  be  c  a,  c  being  a  Ohtj^cient  of 

contradum  whoee  value  may  be  taken  at  -618  +\/  I  —  ♦618  ^ 

Let  the  ratio  in  which  the  channel  is  suddenly  eaUrged  be  denoted 
by 


m  =  A  +  c 


a=\/(2-618^^-  1-618) (II.) 


Then  m  o  is  the  velocity  in  the  most  contracted  part.  It  appears 
that  all  the  energy  due.  to  the  difference  of  the  \-elocities,  mv  and  r, 
is  expended  in  lluid  friction,  and  consequently  that  there  ia  a  loss 
of  head  given  by  the  formula — 


M  that  in  tbia  case 


(--!)«■  f^=. 


.(12.) 


P  =  (m-1)2 (12  a.) 


Vl.  Friction  tn  pipes  and  amdiiUs. — Lot  A  be  the  nection&l  area 
of  a  channel ;  6  its  border,  that  is,  tlie  length  of  that  jwrt  of  its 
girth  which  is  in  contact  with  the  water;  I  the  length  of  the  ohan- 
nel ;  then,  for  the  friction  between  the  water  and  the  sides  of  ih» 
channel— 


.(13.) 


in  which  the  co-efficient/ has  tho  following  N-alues; — 
For  iron  pipca  (<i  =  diam.  in  fect),/=  OOOfl^H- j^V{14.) 


0000227 


.(15.) 


For  open  condnits,. ..../=  000741  + 

The  ratio  j-  is  called  the  "h^raulic  mean  dept^"  of  the  channel,  and 
for  cylindrical  and  square  pipes  running  full  ia  obviooaly  one-/<mrtJt 


fMonca  or  csusxojl 
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itf  tlw  dianwier ;  iad  tl»e  MiM  i»  hi  valne  fir  » 
MDiiuitt  uid  foe  MSko^atvmgbat  whom  nita  an  ^ta^nAmta  A 
iirct<>ar«diui>eter««{akl  to  twice  Uw  gnateit  diftkaCtfe 
1::  !\D  opeo  ixkmIiuc,  the  lam  of  had — 


<i&) 


•01-) 


tike*  pliee  «■  an  Ktiia]  &U  in  the  kiz£h»  of  Uie  vster. 
a  dadiTJly  at  the  nC«— 

?~A   'Sy^ 

aad  far  the  la>(  two  fiwaralB  are  to  be  detenninad  Ifce  Ul  and  tfe 
i»t«  of  dotflirity  of  opai  iMad  noes  and  tail  m»  cf  pwn  dfaais- 
mooa,  whidi  are  to  oonvcy  a  gnren  iov.  In  doas  fif^  thm  lo«  af 
kad  takes  plara  in  tbe  nrtaal  iici^  dae  tu  tke  pnanne. 

VTL  For  UmJs  i»  eiradar  pifta,  let  tf  be  Itw  ifiMBiiiii  af  tU 
jsfc,  r  the  mdha  uf  earmtan!  cpf  tU  emtte  Boa  at  the  baad,  •  tW 
*    ifaroogk  viudiHubent,«-lvoi^diinudM; '* 
Wabbaeli— 


=i{ 


0'13l  +  1-S47 


c^y} 


.(14) 


TIEL  Tatbtndiimneltmfiilmrpipm: — 

F  =  i{01S4  +  31M(l)«} 0».) 

IX.  For  ibtacK,  or  sbarp  tonia  in  pipa^  kt  >  be  tba  ^i^  n^de 
^  11m>  two  poitioiu  of  the  pipe  at  tie  ka»c ;  tbm 


F  =  Chfl46  «B»  ^  +  4HW  «i«^».. 


...(sa) 


X  5iratmiiry  of  lotm  </  Aoo^— Let  ^  b«  tke  vtloei^  of  tbe 

com-Qt  in  Uiv  taO  raoe;  F  the  {vtor  of  rtantaiioa  fiir  tbetuliuc; 
r  th«  vvlorily  in  anj  other  part  U  the  oovne  of  tte  vatcr;  F  th" 
pTuft-r  fiuHnr  at  resistance  for  thai  pari  of  tka  eooBB;  then  the 

vbtite  lorn  of  hmd  maj'  be  tfani  expnMBed : — 

»  =  (l  +  P)|!+2»^..„ ^L) 


lOa   The  jft«i«M  «r  iw  wmm>  ••  A*  ga^iai  baa  alnadjr  been 
distidgoubed,  in  Articles  tiO  and  98,  aa  taking  plaoft  ta 
way*:— 


1TATRR   POWER   AND  WIND   POWEE. 

L  By  weight. 

IL  By  pMsstira 

UL  By  imjfulae. 

Now,  in  &I1  thoHe  three  modes  of  acting,  the  immediate  effort  b^ 
which  CDcrgj-  is  exerted  by  the  viaiev  ou  the  engine  ifl  a  prtgtun 
between  a  certain  laytr  of  the  wat«r  and  the  imrface  of  a  moving 
piece,  whether  a  bucket,  a  pistou,  a  vane,  or  another  fluid  maw 
which  tliat  layer  of  water  driree  before  it;  and  the  origmal  cause  of 
tliflt  fflbrt  is  the  uvig/U  of  the  descending  stream.  The  distiuctioD 
set  forth  arises  in  the  nature  of  the  prxioeffi  whereby  the  weight 
canitOK  the  prtjeure. 

I.  Wht'u  the  water  in  said  to  act  by  wdglii,  |)ortiona  of  it  are 
noured  into  bucketK,  and  the  presmiro  by  which  each  bucket  in 
driven  is  tliu  diruct  L'tTuct  of,  anil  simply  equal  to  the  weiglit  of  the 
wat4^r  contoinefl  in  tlie  bucket,  and  acts  vertically  downwards^  its 
rcsultiuit  traversing  the  centre  of  gravity  of  tho  nuuss  of  water  in 
the  bucket. 

Waste  of  energy  may  occur  in  this  cnse  through  spilling  of  tlie 
water  from  the  buckets  during  their  de«*nt,  or  throngh  the  n>main- 
tng  of  water  in  the  butrkets  during  their  tisccnt  The  hitter  cause 
of  wast«  of  energy  ought  not  to  operate  to  any  sensible  amoimt 
in  a  well  designed  muchine.  The  formi;r  ought  to  be  reduced  to 
as  small  au  amount  as  posRihle. 

II.  When  the  water  ia  said  to  act  6y  pressure,  the  pressure  wluch 
drives  the  piston  or  vane  acted  upon  is  not  eimply  the  effect  of  the 
weight  of  a  portion  of  Vi'ater  descending  along  with  it,  but  ia  the 
eflect  of  the  weight  of  »nme  more  or  len  distant  mass  of  water 
tnusuiittcd  thi'ough  an  inten'ening  maaa,  and  altered  to  any  ex- 
tent in  direction  and  in  tho  velocity  of  its  action. 

IIL  When  the  water  is  said  to  act  by  imjiulM^  its  weight,  either 
directly,  or  thruugh  intervening  pressure,  i:i  allowed  to  act  freely  to 
such  an  extent  as  to  produce  a  jet  or  current  of  a  eert^iin  velocity^ 
whoso  particlcii,  coming  in  contact  with  a  fl^'at  board  or  vane,  or 
another  fluid  mass,  have  that  velocity  eitJier  dimiui&hed  or  token 
away ;  and  during  that  opctatiou  they  exert  a  pressure  against  the 
float  board  or  vano,  or  the  driven  mass  of  fluid,  proportional  to  the 
momentum  whiuh  ia  t^ken  awuy  frum  them  in  each  second. 
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CHAPTER  ni. 


OF  vatcr  bucket  ENGcrea. 

|01.  The  iTater  B«rluTi  u«Im,  the  simplest  engmo  drivou  tU- 

Ij-  hy  the  w^eiglit  of  w»tcir,  is  firequcDtly  uaed  for  raising  waggaua 

*  uid  aiher  tDBterials  to  an  elevated  platform.   It  oontaate  of — 

A  strong  timber  liune,  sn^jiorting  at  the  top  one  or  mora 

tpolleys. 

A  clisin  passing  orer  the  pulleys. 

A  cage  for  «'agKon»r  kuug  to  one  cud  of  Uio  chnin,  and 

between  Teriical  gni(le&     The  upper  and  lowor  pldUonnn, 

which   Uiv  caff!  tiB\-e].s,  slioidd  be  pruvidud  with  strt}]!^ 

to  fix  the  owe  at  the  higher  and  lower  levels  when  rcqiiirt'd. 

A  wAter  bucket,  himg  to  the  other  end  of  the  chiiin,  UMimlty 

between  vertical  guides,  and  having  a  valve  in  tht:>  bottom, 

uprwnrds,  for  di-wliargiiig  th«  wiitor.     This  valvo  ujay  bo 

•tdf-acting,  by  m-iking  itt  Kpindle  project  downwards,  below 

I  bottom  of  the  bucket,  10  that  when  the  bucket  has  finished  itii 

at,  the  Rpindle  may  errike  upon  a  floor  and  lift  the  valvo;  but 

CKse^  it  is  more  convenient  tlmt  the  valve  should  bi»  otieued 

tlasid.      Itectangiilar  wornk'n  bncket«  are  used;  bat  for  li^jhtneas 

[■Inmgtht  the  l>est  materinl  In  tilic«.'t  irou,  and  the  best  shape  a 

body  with  a  hcniuspherical  bottom. 
r.  A  reservoir  and  <ipout  for  filling  th(^  bucket  when  it  is  at  the 
leveL     The  vidve  of  the  spout  may,  if  required,  be  made 
'  ig,  by  cauaing  it  to  be  opened  by  the  rising  and  shut  by  the 
of  a  weighted  lever,  which  is  lifVtd  by  tlie  wlfje  of  the 
tt  when  it  reaches  the  top  of  it^^  ascent,  held  up  until  llie  bncket 
and  allowed  to  di-op  when  tlie  biickt't  Ix-giua  to  dfsauid. 
TI.   A  drain  or  tail  ruce,  to  carry  away  the  water  discharged 
the  buckt't  at  the  lower  level. 

[I.   A  brake,  which  may  be  applied  to  one  of  the  puUcm 
[t  la  advibable,  for  safet/a  sake,  in  utoat  caaes,  to  enclose  the 
of  th«  cage  and  tliat  of  the  bucket  in  Ught  wooden  oaaings, 
__  weight  of  the  nnliMided  cage  ought  to  be  somewhat  in  oxoom 
[that  of  the  empty  bucket,  adtbd  to  the  friction  of  the  machine 
unloaded. 

weight  of  the  full  bucket  ought  to  bo  somewhat  in  excess  of ' 
•  of  the  loaded  cage,  added  to  the  friction  of  the  machine  when 


pW  vans  rowEB  a5d  wcn>  power. 

TW  frictkm  is  from  one-tenth  to  one-twentipth  of  the  grosn  load 
Lb  ankr  tliftt  tlis  w^^t  of  the  chain  may  always  1>u  Iju1uu» 
two  {Mcea  of  ^lain  with  their  lower  ends  lying  loose  on  the  gnm 
^w  hm^  tho  one  from  the  bottom  of  the  cage,  and  the  other  fiol 
■he  bottosn  of  the  bucket. 

1^  Tie  backet  hoist  is  a  bolky  and  heavy  machine,  and  slow  in  it 

Miiiisliim  ;  bat  from  it«  girut  simplicity,  it  is  easy  to  make,  mail 

Bub,  and  manage,  and  very  daxaole.     lis  reservoir  iray  be  sop 

%lied  by  a  natural  source,  vbere  one  ts  a\-ail»ble  ;  in  other  casa 

wAier  may  be  raised  to  it  fay  a  pomp  worked  by  a  steam  ongini 

Tltn  latt4:r  combination  is  a  good  meaoa  of  economizing  power  wbe 

bcKvy  loads  have  to'  be  lifUvl  duiiog  short  timoe  auu  at  distal 

intenvla.     During  the  intervab  when  the  hui^t  is  Htamtlng  idl( 

the  steam  engine  is  still  storing  energy  by  iiumping  water  into  tb 

reaerroir;  so  the  work  perfonnod  by  the  hoist  during  a  few  houi 

of  each  day  may  be  disiributctl,  so  Cir  as  the  exertion  of  energy  far 

the  steam  engine  is  oonoemtxl,  orer  the  whole  twenty-four  Loun 

Bsd  ft  steam  engine,  quite  inadequate  to  lilt  the  lc>s<i  to  be  ruM 

HireoUy,  may  thus  be  made  to  perform  the  whole  work  easily  t) 

Hbc  intervc-ntiQu  of  the  n-aervoir  and  hoist  as  means  of  storizig  an 

'restoring  energy. 

102.   L*M  •€  ntmd  la  Ba«kci  n«i«i«. — The  actoal  energy  vH 
kwhicli  the  wat«r  runn  from  the  reservoir  into  the  bucket,  and  froi 
We  bucket  into  the  tail  race,  is  wholly  wasted  in  fluid  frictioi 
BFheroforc  in  every  bucket  engine,  beeides  the  fall  of  the  tail  raa 
pbere  is  a  loss  of  head  equal  to  the  height  of  the  ctirface  of  tli 
nrater  in  tho  resor%'oir  above  the  liigbest  level  of  the  surfaeo  of  til 
Brater  in  the  bucket,  added  to  the  height  of  the  snrlaoe  of  the  watt 
W  the  bucket  when  at  the  bottom  of  its  stroke  above  the  surface  c 
Hw  water  in  the  tail  race ;  that  is,  the  depth  of  the  bucket  at  least 
Bi  4lhor  words,  while  the  total  luad  is  the  elevation  of  the  to 
Hpvof  tlio  reservoir  above;  the  outfall  of  the  tail  race,  the  omn 
Bii  Aaji/  ii;  the  height  through  which  the  bucket  deaoends  only. 
[^  \0\  A  u*nWv  ActiHg  nnrkrt  Encine  hos  eomctimes  been  usedj 
■nil^llliiur  of  a  balanced  l>eam,  having  a  p»ir  of  equal  and  similsi 
Hyfeali  hung  to  its  two  euila,  whit'h  ririe  and  fall  attematcly.    Ead 
^^E(^  i4i  anii'ing  at  the  top  of  its  stroke,  is  tilted  with  water  b 
^^|m  nx>m  n  reservoir,  with  a  vnlve  which  is  opened  and  deaa 
^^^to  oMvlinniun.     On  arriving  at  the  bottom  of  its  stroke,  eac] 
^^^M  •»  vuiiilled  through  a  !M.-lf-uctxng  ^  alve  in  its  bottom  into  th 
^^^te«L     Thus,  as  iu  tho  bunket  hoist,  the  buckets  descend  full 
^^^CMtsi  aupty ;  and  the  eueix)'  due  to  the  descent  of  the  waten 
^^^^^^•iMWoyed  to  work  |i»iui)d,  or  otherwise.  I 

^^^^^Mf-^^-nntnge  of  thi^  kind  of  machine  is  its  adaptation  td 
^^^^^^^<  ^u^  "orkuiaiiship  can  be  obtained,  j 
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CHAPTER  IT. 

or    WATER     PRESSURE     B50INE& 

SBcnojr  I. — General  PriTieipiet. 

104.    »■*•>  •€  m  Wbmv  pnMHK  gMgiaa.  -  Tn  a  water  pressure 
the  servral  piincifnil  {larta  mf<ntinned  in  Article  05  as  be- 
to  wattr  power  t'iigiiifs  in  gcut-ral,  ttiko  fuiins  suited  to 
of  engine. 
Tbe  h«ad  rtpx  oorudsta  of  a  ntpply  pipe  loading  from  a  reeer- 
to  the  working  cylinder.     Tluit  pipe,  together  with  the  reeer^ 
,  eonstitutc  what  is  CAUt.>d  the  pretmre  cotumu.     Bcades  the 
to  be  proBently  mentionefl,  there  nhould  be  a  stop  vab/e 
)M  ftt  the  upper  uud  uf  the  supply  pi]M-,  in  or  close  to  the 
'  r,  an  that  in  tlie  event  of  an  aoctdcnt  occurring  to  the  supply 
the  current  of  water  may  be  prevented  from  enteriug  it 
iSioiild  also  be  a  grating  to  prevent  the  entraiKe  of  solid 
I  from  the  reservoir. 

water  contains  air  ditfuAed  through  it,  aud  niost  water  oon- 

■tidiment.     If  thero  an-  summiCd  and  hoUows  in  tho  course  of 

I  supply  pipe  (which  in  often  of  great  lenfi^h),  the  air  collects  at 

I  foriiMfr  ouil  the  sediment  at  the  latter.    There  shuult)  bo  u  cock 

up|HT  side  of  each  nuramit  in  the  oounte  of  tlie  pipe,  for 

oS  air,  and  at  the  lower  side  of  each  hollow  for  blowing  f>fr 

It. 

The  bye  wash  has  no  peculiarities  arising  firom  the  class  of 

The  regulator  is  a  valve  of  one  or  other  of  certain  kiuilii  to 
k  aft^^rwurds  mentioniKl,  Tnhich  are  capable  of  b*iing  adjusted  to 
or  rvquired  extent  of  opening. 

IT.  The  aiffina proper  coaaets  of  a  piston  moving  in  a  ei/Und&r, 
'dgetber  witli  the  va/tr«  fur  admitting  and  di:>cliargiug  the  water 
MB  the  cylinder.  The  engine  1»  single  acting  or  double  acting 
ferording  us  the  watr-r  acts  on  one  face  of  tho  piston  only  or  ou 
■ch  Hcc  alternately. 

The  ralrea  are  sometimes  worked  by  hand,  in  which  case  the 
^Be  wJto  may  act  as  the  regulitor  and  the  admission  valve, — 
^Htimea  by  mechanism  directly  driven  by  the  piston  of  the 
■gioev— and  sometimes  by  a  smail  auxiliary  water  pressure 
■giiiB. 
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The  placo  of  the  uiston  is  sometimes  supplied  by  a  mass  of  i 
in  wbidi  cnnv  the  alterations  of  volume  of  that  air  reqain  tc 
taken  into  acoonnt 

V.  The  tail  race  oonaista  of  a  dischargg  pipe^  whoM  final  on 
may  bo  either  at,  Iwlow,  or  above  tlw  level  of  the  cylinder. 

i05.  mmta»m  m#e. — The  preesure  of  the  water  at  the  outlt 
the  discharge  pipe  is  equal  to  that  of  the  atmosphere,  added  to ' 
due  to  the  depth  at  which  tlie  water  outside  the  pipe  etanda  al 
that  outlet ;  so  that  when  the  ontlet  is  below  the  level  of  the  pb 
the  pressure  witliin  the  upper  end  of  the  discbarge  pipe,  and  in 
cylinder  while  the  water  i»  bein;;  dischai|>ed,  may  be  less  Ihad 
atmospherio  prcmnro.  In  thia  case,  the  dischajrge  ^pe  is  calli 
muiioH  pipe,  and  the  pressure  at  its  upper  end  is  doecribed 
Htntin;;  by  Aoto  mucA  H  is  Mow  tJtg  ntjnospherlc  preafure,  eitba 
[H>uu(ls  on  the  square  inch  or  square  foot,  or  in  feet  of  water, 
Uiat  deliciencT  of  presBure  is  convL-ntionally  called  ao  many  poi 
ou  the  inch  or  foot,  or  so  many  feet,  "  o/vaeuum."  Thus,  if 
atmospheric  prcwxire  is  14-7  lbs.  ou  the  square  inch,  boing  e 
ralent  to  33-9  feet  of  head  of  water,  and  the  absoluto  preasnri 
tbe  cylind^^r  during  the  discliargo  is  two  Iba.  on  the  square  i 
being  equi\-alent  to  46  fi>ot  of  head  of  water,  that  pressor 
described  as  12*7  lbs,  on  the  wjuan;  inch,  or  '2'JZ  feet,  of  vaoi 
This  mode  of  exprcaaioa  has  been  adopted  on  account  «f  the  s 
tical  convenience  of  reckoning  preesnres  from  that  of  the  « 
sphere  as  an  arbitrary  zero. 

The  ubsuhito  pret<sure  against  the  piston  during  the  di8chai;g 

equal  to  the  atmosphoric  pressiii-e,  added  to  the  pitsssuro  requ 

in  overcome  the  reaistaucc  of  the  diacharge  pipe,  less  the  presi 

due  to  tho  elevation  of  tlis  upper  surfut.'o  of  the  water  beneath 

piston  above  the  biitt'iin  of  the  fall.     There  never  acts  in  watea 

all  evtmts  in  u^ntiiteH  water,  negative  preesoi-e  (that  is,  tenston 

aa  amoiiut  appivciulile  in  practice;  Uiereforc,  the  height  of 

■ppor  Buriiftoe  of  the  water  beneath  the  piston  can  never  be  gra 

4m11  tho  head  due  to  the  atmospheric  pressure,  added  to  the  h 

lisi  in  overcoming  tlie  fi-iction  in  the  discharge  pipe,     tjhould 

htteht  of  tho  piston  itself  above  the  bottom  of  the  fiill  be  grei 

^^  lhi^  the  water  in  the  cylinder,  on  the  opening  of  the  di^u 

^««,  will  not  continue  in  contact  with  the  piston,  bat  will  t 

^g^^vo  ilown  to  tho  level  given  by  tho  principle  just  stA' 

^■^tfWlTWU  it-M-lf  and  the  piston  what  is  commonly  calle 

.^^gg^**  or  "rmpty  s|iace,"  being  in  reality  a  apace  filled  v 

^^^mm.    tii»  height  of  that  siiace  is  so  much  head  lost; 

^^^0  mAs  to  make  the  piston  leak,  and  its  iHiriodical  em] 

^^^I^^Waooomponied  by  shocks  or  abrupt  lUiHions  in 

^^  ^M«m4  to  ittimu^  ^^'^  °^^  ^^  machine;  therefi 


iCtlw  Dtttoo  abof«  th«  bottoM  of  tfe  Ul  «a^ 

faat£tt  aoetot^lcMl 

if  Uw  £ac3M>ge  pipCL   Now,  the 

tiBMs  at  mt,  aad  Uhh  1^ 

ImUt  at  thu  nik:— rii  ymM  Im^  ^  ik  ^ 

iWtUK^rtlwwyfaric/iiw^i    >■  it*  faorf^ 

AmM  18  indkM  ef  MLTLiuy.  or  1S*79  Aft. 
&•?  fret  (ir««l«r. 

^he  ntio  in  vhidi  the  Imak  aisaifkvi 
III  dbow  unoant  st  ■  vna  «le««AM  4x) 
M, «  cQcapalBd  villi  wAhni  mitiiiM  fcr 
Ik  fiJlovn^  fixanla,  a  vUeh  A  ■  A*  |iiimiii  i 
lWMa,aad|»,  th»fii«ML  1  Aa  th firiua  rf«fce< 


^) 


the  •kmaee  of  taUa  rft^nAH^  «hr 
frocB  oDff  |m|MMBa  liy  Mr,  B>iiaiK» 
far  hd^te  not  ciOMfiig  3^000 


1^  ~»MO^s* 


— «a) 


itfifa* 


tbe  liogbt  cxneoda  3,000  <B^  dindt  (t  ian>  •  ^ 
it  excwita^  3,000  fcet  ia  hdibi  oiErii**  te  i 
■t  the  top  aad  bottna  «r  mA  ^tmt, 

■adtottota«fih>1fcehii^t 
Moderate  bngbKtfc*  fclbvng  nda  i 

w»>kuanri«fc  f«(  sf  ita^^/W  ad  163  >^  i< 


WBi 


■Aw 


•cr«i»«m     111— UwttMoa 

vith  wabir  BftBRin  "^'"^  t»  ti^  iM» 
ofmtcrVr  M*;  UttiDlhi  Rent  of  te  faanff  i*  ai 
^ia;iiWt«  to  A>  ao,  ifctf  Mbvng  Cxaak,  aUbaa^  odk 
mmatiaa  in  a  veacBtiic  pool  of  wv,  « 
'  tba  partiml  |Jwpoi»  id  qaoilMB,  aa4  m 
kirat,  from  the  cms  kmI  nfiifi^  vitfc  vUtSi  sti 
iptttvl.  <MpcfS*ny  wbcB  a  table  of  miptwab  ii  at  baaj 
Lrt  b.  =  6MS5  Oa.  to  tb«  nbtf  {cM«r  b*  tU 
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of  water;  D,  its  density  at  a  ^reu  Icmperature  of  T*  on  Fohien- 

lit'it'B  scale ;  then 

3  Dfl 
P,neariy=^s— j^ 


500 


500 


At  313*,  this  formula  girea  too  great  a  result  by  aboat  |S«;  at 
lower  teni[)eratuTe8  its  errors  are  much  smaller. 

t  CourARisoit  OF  IIejwh  ov  Watsb  in  Feet  with  Fkuhuub  Bf 
Various  Umits. 

One  foot  of  water  at  39''i  Fahr.  =  63'425    Iha  on  the  squara  foot 
^j  „  <'*4335  1^»-  on  the  square  indi. 

„  „  0-0295  atmosphere. 

„  „  0*8826  inch  of  mercunr  at  3a*. 

ttrt-i  (fcetofairat3a°,aad 

n  "  773  3         -i      I  atmoBpbare. 

001602  foot  of  water. 
2  307      feet  of  water. 


One  tb.  on  the  sq^uare  foot, 

One  lb.  on  the  square  inch^....... 

One  atmosphere  of  29*922  inches  ) 

of  mercury j 

One  inch  of  mercury  at  32°, 

One  foot  of  air  at  32°,  uud  one  ) 

atmonphere -..  / 

One  foot  of  avonige  sea  wat^, 


33*9  M        » 

I "33  »         n 

0001293      ,.         ft 
I  -026       foot  of  pure  valflb 


107  A.    Pmaora    «■■■»•— VaeasM    «■■■«& — InstnimcntB    for 

indicating  the  intenHily  of  the  pressore  of  a  6uid  ooutoinedina 
close  vessel  are  called  "  prc^m-e  gauges,"  or  "  vacnum  gaum^'' 
accotxling  as  they  ehow  how  much  that  pressure  is  abore  or  hoi 
much  it  in  bvluw  that  of  the  &tmijs|*bc're.  Fn.'quvully  thv  saiM 
instrument  anawera  both  those  purposes.  Of  this  an  etaraplc  has 
ulremly  been  given,  in  the  Indiculor  (Articlua  43. 44),  which  can  hi 
applied  to  water  pressure  engines  ati  woll  as  to  Uie  8t«am 
The  following  uit*  three  cxtunplcs  of  other  kinds  of  gauges  :— 

T.  The  mercurial  pressure  gait^e  is  the  mo6t  exact  for 
purpotiCd.  It  consiuta,  like  a  siphon  barometer,  of  an  inverttd 
KJplion,  or  U'shaped  tube,  the  Inwer  part  of  which  contains  tner* 
cniry,  and  whose  vertical  legs  have  a  scale  attached  alongside  of 
tlicni,  (liviiteil  eitii»r  into  incheii  and  decimals,  or  dirisiciiis  corff- 
spending  to  pouudu  on  the  square  inch,  or  other  convenient  tinita  fl( 
prt«8urc.  One  leg,  bynu-ans  of  a  brass  nozzle,  comnjunicatea  witkj 
the  vesiiel  within  which  the  fluid  is  oontained ;  the  other  is  open  ts 
the  air.     The  mercury  stands  lowest  in  that  leg  in  which  tto 
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on  its  upper  Bnr&ce  is  most  iuU-nse;  ami  the  diffeTcnoe  of 
I  111  the  mercury  in  the  two  lega  indicjit^d  the  differeDco  betweea 
iMnanuv  in  the  ve^isel,  aud  the  atmospheric  pressare. 
[m  detenniiie,  if  required,  the  absolute  pressure  within  Uiu  vessel, 
|^iliM>lutc  pres^un.-  <jf  the  atmosphi-ru  at  the  time  of  observation 
laacertained  by  meaiu  of  an  ordinary  barometer. 

Tacuum  RUtgea  arc  uoiaLtimes  used,  which  indicate 

tho  Rbftolut*  pressure  within  u  vessel,  by  Ixinj^  oonatmcted 

Jf  like  u  buromet^^r,  having  the  leg  coutaining  the  n]on;urifd 

tliHC  ItaUm'*^  the  prc-sKHi-p  to  be  nieasui-ed  closed  htinnoti- 

'«t  the  top,  with  a  Torrictillian  TaCTinm  above  the  niei'cuiy, 

in  the  unud  way,  b^  iuvcrting  the  tube  and  boiling  tho 

in  iU 

!ii  neonauy  to  «ccatmte  measurement,  that  the  scales  of  mer- 
1  pKwure  gauges  should  be  exactly  vertical. 

relatione  tttated  in  ArtirleA  ti  and   107  Wtween  inohee  of 
and  other  units  nf  intcuaitv  of  pressure,  Lbvo  rufti-eaoe  to 
apwatiirf!  of  32°  Fahrenheit     For  any  other  temperature,  T", 
I  Fi.un.*nbeit*5  sade,  let  h'  be  the  o>>wrved  height  of  a  mercurial 
imd  /*  the  corresponding  height  redwtd  to  SlT;  then 


A  = 


1  +  U-0W»lUO»  (T*  -  32^' 


.(!.) 


Tlie  air  manometer  condists  of  a  long  vertical  glass  tube, 

at    the   upper   end,   open   at  the    lower   end,   containing 

pcvvtik-d  with  a  scule,  and  imnicnsed,  along  with  a  thernio- 

r,  in  a  tmufparent  liqnid,  such  as  water  or  oil,  contained  in  a 

i^liudirr  gf  ghiss,  which  cummunicatem  with  the  vessel  in 

the  pressure  ie  to  be  asccrtuined.     The   scale  shows  the 

ge  cKxmpied  by  the  air  in  the  tube. 

f^  Ik;  Unit  votuuie,  ut  the  k'm|>eruturc  of  32°  Fahrenheit,  and 

pnisBnre  of  the  atmosphere  p^ ;  let  r^  be  the  volume  of  the  »ir, 

tempGinturo  T^,  and  uiulcr  the  absolute  jirusauro  to  be 

^-        493^^^ <-' 

n.  JiourfioH's  gauge  is  the  most  useful  yet  known  for  practical 
Ita  ordlnarj-  coustrucliou  is  represented  in  tig.  26.    A  ia 
cotiitnunicatiDg  with  the  vessel  in  which  tho  pressure  is  to 
»uretL     BB  i«  a  curved  metallic  tube,  comniunieoting  witli 
ono  end,  and  clnse<l  at  th«  other.     The  croM-aectiou  uf  this 
B  of  the  flatttmed  form  rcpn-seutcd  in  6g.  27,  and  tt«  greatest 
InaJih  is  in  the  direction  perpendicular  to  the  phuie  in  whjch  the 
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in  the  Rret  place  an  approximate  value  for  4  f.     The  valae  com- 

moaly  assumed  is 

0-0258, 
Tfakh  givca,  for  ibe.yEnC  o/ppnaAmation.  to  the  diameter  of  the  ]»pe, 

d  =(000065'-^)*=  0-3304  ('-^* (H.) 

The  approximate  diameter  thus  found  is  to  be  substituted  in  oqaa* 
tioD  G,  to  find  a  corrected  value  of  4  f,  which  being  employed  in 
equation  ID,  givea  a  aeamd  approximation  to  the  diameter  of  the 
pi|}e;  and  this  is  almost  always  Bufficienlly  accurate. 

To  pnrvide  for  unforeseen  causes  of  increased  reristanoe,  such  as 
the  deposit  of  a  crust  in  the  pipe,  it  is  cnstomaiy  to  add  OKG-stXTH, 
or  thereabouts,  to  the  diameter  given  by  the  preceding  fonnuhe  ; 
but  however  lurge  the  yipo  may  be,  one  inch  is  a  stiflicient  addi- 
tion for  this  pnrpofio.  The  diameter,  though  computed  in  feet,  is 
oommouly  reduced  to  inches  when  mentioned  in  a  specification  ur 
written  on  a  drawing. 

The  pi]>e  is  supposed,  in  this  Article,  to  have  what  it  ought 
always  to  have,  a  mouthpiece  at  ite  upper  end,  of  the  form  of 
the  contracted  vein,  whose  reaiatanca  is  nearly  insensible  (Artida 
99). 

The  formulii  for  the  friction  of  water  in  pipPH.  which  is  that  of 
M.  Dnrcy,  is  founded  on  the  experiments  reconled  in  his  troatieu 
Da  &f mtretneni  de  F Katt  dans  Us  Tuya'ux. 

When  there  ai-e  several  different  causes  of  loss  of  head,  proceed' 
a^  follows : — 

Assume  a  diameter  d',  from  which,  by  equation  7,  compute  tho 
velocity  t>'  cotresponding  to  tho  required  flow  Q'.  From  toat  velo* 
city  compute  by  the  formulm  of  A^rticlo  99  the  total  loaa  of  head 
K  correttpoudiug  to  the  aaaumed  diameter.  If  tluH  diffem  from  th« 
aaaigned  loss  of  bead  A,  the  required  effective  diameter  </  ia  to  be 
computed  by  the  formula — 


d  =  d' 


©^ 


.rii) 


and  the  actual  diamoter  is  to  be  made  one-sixth  greater  ttum  thia 
effective  diameter,  if  the  latter  does  not  exceed  six  iuchea;  but  if  it 
does  exceed  aix  inches,  then  the  actual  diamoter  is  to  be  one  iiije^ 
greater. 

If  f-  is  a  ratio  differing  little  from  unity,  then 


«    \M  ft 
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sapcilf  fupe;  a  the  an*  «( tfce  opcBiag  of  the  ngnlalv, 
tul}j  closed ;  e  the  OMA^ak  «r  cowtrartino  of  Aai 
M  to  wboBB  nloei  for  £8emit  openigi^  mm  Axtkb  M. 
oanpuing  MjnatiooB  13  a  uul  13  rf  Artide  99  iagtflur,  it ; 
tbU  tor  eqinl  velodties  of  flov  io  dw  laae  •■ppfy  pf^ 
lOKtasee  u  ioawasd  lij  tlv  pwtkl  dangof  the  vcg^afior  m  lb* 
|vujiuidon — 


/*' 


^-(^-0'=^-+ 


=  (lor  «  cylmdricil  Jiipc)  1  + 


/A/ 

C4-0'- 


:  l...(l.) 


:L 


Lrt  tbb  lie  exproKd,  fcr  brerit^fl  ake,  bgr 

l  +  ii  :  U 

^Us  incmued  nsstuoa  m^  teke  cdcct  citber  in 

Ian  of  lirad,  or  in  tHmJnaihiag  tbe  flov»  or  in  loth  vaji  •& 

but  in  any  cue,  if  ij^  repw^Lte  llw  flov  snd  A^  th«  Iom  of  had. 

wHIi  th«  pipe  unJiitomiiiU'd.  umI  Q,  tlie  low  afed  A]  ibe  loa  of 

boul,  wTth  uw  rcguktoT  partimn^  doiKl ;  tiun 


1   :!+»::  2:3- (*) 


Tbe  aaiae  principle  may  also  be  npwed  in  tii»  fi)Uo«ia«  wsr  -. 
let  «^  «,,  be  tKo  eOertnre  nan  ipeed  of  tke  piwoo  «f  t£a 
ownspouditig  to  tbe  diachaifei  <^  Q^ ;  tbia 


1:1  + 


A. 


»  ::  -5.  ;  — . 


.(X) 


It  is  Wti4.'r  for  ecoaomy  of  power  tbat  tha  oantneticn  of  tbe  >W»- 
latur  e))ijiiM  i^ki!  effect  by  (liatiuiiliii^  tbe  apeeil  of  tbe  eagpM  tfiu 
lijr  iacrea<i&g  the  lo«  of  head;  far  tbe  Tolnma  of  water 
pwgwig  pnvtented  by  a  diminntioii  of  Kwed  canbe  •itii«dbi|_ 
TMMr^oir  &r  futon  use ;  but  an  iacmaad  Icmb  of  bead  gtre*  riiv 
«a  itretrievablv  ira8t«  of  energy. 


IIG  WATKX  VOWTM  ASD  VUTD   FOWXB. 

110.    Atiimm  mf  Ac  Watv  •■  dhe  FtetMk — lo  a  asglo  acting 

gjuc,  let 

H^  denote  the  height  of  the  top  of  the  IkU  above  th«  mean  levd 
of  the  &ce  of  tbe  puton,  the  action  of  the  vater'on  which  ifl  nnder 
ooDBdetmtioD ; 

Ap  the  lo»  of  L«ad,  by  the  friction  of  the  wat^r  in  the  mpply 
pipe,  regulator,  ntlvo  porta,  and  cylinder; 

Q,  the  lueoD  flow,  iu  cubic  feet  j>er  aeoond  j 

D,  the  weight  of  one  cubic  foot  of  water; 

A,  the  area  of  the  piston,  in  square  feet; 

pj,  the  mean  iiitcnMiy  of  the  efibrt  exerted  by  the  vater  on  Uie 
[lijiiton  during  the  fomard  stroke,  in  Iho.  on  tbe  aqoare  foot ; 

u,  the  mean  velocity  of  the  piston,  in  fert  per  aecond ; 

IT,  the  co-eiEcicnt  of  friction  of  the  piston  and  mechanism,  so 
that  (1  -ic'jPi  ia  the  intensity  of  the  nge/ui  load;  then 

^,  =  D(H,-Aj); (I.) 

Api  -  D  (Hj-AJ  A  =  total  effort  of  the  water  on  the 

piston; (21) 
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raeo^gy  is  exerted  by  the  water  on  the  piston  during  the  forward 
Mlroke,  at  tho  mean  rate  of 

tt  A/>,  =  2  D  Q  (H,  -  A,)  ft-lb.  per  second; {4.) 

and  ut^ul  tcwl:  performed,  at  the  rate  of 

2{i~ir)uAp,  =  2H-ir)DQ(n^-h^ (6.) 

The  value  of  H",  from  experiments  of  the  Messrs.  More  and  ihb 
Author,  m  about  ^t-  for  ordinary  packing. 

Further,  let 

U^  be  the  mean  height  of  the  face  of  tbe  piston  above  the  bot- 
tom of  the  fall  (not  exceeding  31-7  ieet).— If  the  bottom  of  the  &11 
ia  above  the  mean  level  of  the  piKtoo  face,  H,  is  to  be  made  no- 
gativo ; 

hp  the  loss  of  head  in  the  dischai^ge  pipe  and  valves  ; 

fat  the  mean  int«insity  of  the  ciTort  exertod  on  the  piston  during 
the  W'k  itroke;  then 

P2  =  D  (H,-A^; (6.) 

Aft  =  D(Hs-AJA (7.) 


If  H,  tskMtiun  V* 
trri!,  mud  rvpraeol 
pblon. 

n^a  rau  of 

«Aa  =  3DQ(H,-&^  It-Ik 

If  tUi  exprcflEum  is  nepoiv^  ic 
mter  oat  a£  the  CTixndo; 

FioAOjr,  tttkiag  the  mcstt  of  tk» 
tbe  whole  cna^  caceried  bj  iW 

«A-^^^  =  DQ(H,  +  H,-i,-4J 


attfe 


=  D  Q  {H-4) ;. («L) 

H  =  H.  +  H.  bn  the  total  &I1.  aad 
&  is  A,  4- A.  t£e  to^  ta«  oflMd ; 
[vitk)  the  aBml  vock  per  aeeoDil  is 

0  -O  I>  Q  (H  -  *X-..— - (lOL) 

luul  the  combiDed  rJtriiwirT  of  iht  fiiU  lad  i 


(Li£)(lz*). „ (It) 

Tliii  TwieBf  in  diffemit  caaes^  from  sbovt  0*07  to  about  (Hi 


1 1 1.  Ymhrtm  te  Ocmskl  oo&Bidnvd  irith  refemuie  to  the  nesBS 
tnr  which  thi-y  im:  muvvUf  may  be  divided  into  threa  principal 
HHsea: — Valrm,  fiometinus  called  elaeigf  whidi  an  opnted  aad 
•knt  bgr  tlw  praamiv  of  the  fluid  that  timTeiaej  their  opeoizig^  and 
are  qbuaJIt  intended  fnr  the  purpo»  of  permitting  »e  pataace  oi 
tha  finid  in  one  direction  only,  and  stopping  it*  retom;— ^vmtqi 
awred  by  band ; — and  valvfa  moveil  by  mecbanifim.  AVhrn  a  pia- 
ton  driTtw  a  fluid,  as  in  brdiuan*  pumps,  the  ^-alves  arv  uiiually 
moTcd  by  the  fluid:  when  the  fluid  driTce  the  piston,  it  jj  in 
goaenU  neceeatuy  that  tbu  vulvia  should  be  moved  by  hand  or  hy 
nierbanisn.  In  water  pressure  en^nes  that  work  oocaaionaHy  and 
at  irregular  intervals,  tiuch  as  hvdraulic  hoists  and  cranes,  the 
valveA  are  umatly  opened  and  shut  by  hJind ;  in  thnsc  whirit  work 
periodically  and  continuously,  they  arc  moved  by  meohnuiiun  cou* 
noctcd  with  the  engine. 


IIS 


WAzn  rowzB  ash  wiin>  kwsb. 


to 


reirti, 


I 


8>fe^  vmlna  Ibr  pmnHting  a  fluid  to  eackpe  from  a  Tesael  w] 
tktt  pnani*  tcada  to  tin  abOTs  the  limit  of  flafe^,  belong 
daM  (bat  an  iBo%-ed  fay  tlM  fluid.     Begnlating  ralvm  an 
■thw  k^  hand,  or  hy  means  of  a  goremor. 

Hw  aUT  of  a  valve  ia  Hne  fixed  aor&ce  on  vliicfa  it 
hich  it  praaaoa 

The  FACS  of  a  valve  ta  that  part  of  its  snr&oe  wLicli  cootei 
oosLtact  vrith  the  seat. 

Wlien  a  valve  oocon  in  tha  camrm  of  a  p^  or  paaaagB,  the  vil' 
box  or  chamber,  being  that  part  of  the  paaagci  in  which  Uie  val 
vorkx,  shonld  alwmvB  be  of  sndi  a  ablate  as  to  allov  a  Irce 
for  the  fluid  when  the  \^ve  is  open,  ao  that  the  flmd  may  _ 
valve  with  ac  little  contzactKm  of  the  atnam  as  ixj«siUe;  and 
neoeBMry  for  tliat  purpoee,  the  valve  diambta:  uut}-  be  made 
laraer  diameter  than  the  rest  of  the  pasMge. 

The  luoal  autonals  for  vaWea  and  their  seats  are  iron, 
fanai,  hardwood,  leather,  iodia  mbfaer,  and  gutta  perclia. 

IKiun  a  valve  and.  ita  seat  are  bo^  of  metal,  they  should  be 
the  same  metal;  for  when  they  are  of  different  metals,  a  gal 
action  tilna  I^ace,  which  causes  one  or  other  of  them  to  be 
roded. 

In  water  preflBnre  engines  and  pumps,  the  best  materiaJ  for 
■eats  of  metal  valves  is  some  hard  wood,  such  as  elm  or  liguum 
vit«,  the  fibres  being  set  endways,  and  constantly  wet 

India  rubber  and  gutta  percbu  bviug  dissolved  or  eofl«ned  by 
oils,  whether  fktty  or  bitnrainouif,  arc  unsuitable  matoriuJs  lor 
valves  to  which  those  fluids  have  access. 

112.  The  BoMMM  Tmiv«  or  caaini  Tairv  is  a  fiat  or  slightly 
ai^ched  circolar  plate  of  m«tal,  whose  fiice,  being  formed  by  ita  rim, 
is  souietiuics  a  &ustum  of  a  oone,  and  somA- 
timea  a  zone  of  a  rathere,  the  latter  figure  being 
the  best  It««ni,  oeingtherimofihecircul 
orifice  which  the  valve  doses,  is  of  the 
figure  with  tho  &ce  or  rim  of  the  valve, 
the  valve  fiice  and  ita  seat  ore  turned 
ground  to  6t  each  other  exactly,  bo  that  when  the  valve  is  cl< 
no  fluid  can  pass.  l*he  tliickneas  of  a  valve  of  this  form  is  usually 
from  a  fifth  to  a  tenth  of  its  diameter,  and  the  mcftn  inclination  ^ 
ittf  rim  about  45*. 

To  insure  that  the  valve  shaH  rise  and  fall  vertically  and  always 
return  to  its  seat  in  closing,  it  is  sometimes  proTide<l  with  a  ^phuUc, 
as  shown  in  fig.  28,  being  a  slender  round  rod  perpfmlirnliir  to  tho 
valve  at  its  centre,  and  moving  through  n  ring  or  rj'lindrital  socket. 
A  knob  on  the  end  of  the  spindle  prevents  the  vnlve  from  ri-dng  too 
high.     When  the  wilve  ia  to  be  moved  by  hand  or  by  mech 


Fi&se. 
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3e  may  b©  oontiaued  through  a  stoffiog  box,  and  ooanocted 
liiuitUe  or  a  lever,  no  as  to  be  the  means  of  tranamittiog 
.  to  tiie  valve. 

the  valve  seat  is  at  the  upper  end  of  a  cylindrical  postage, 

i:  aafety  T&Ive«,  the  place  of  the  spindle  is  ofum  »up- 

ineaiu  of  a  tail,  which  will  be  described  in  the  next 

lis.  The  CT*HM«a  Sttietr  Vmira  used  for  steam  boilers  as  veil  as 

rvrto:  pneasure  eugioes,  is  a  bonnet  valve  loaded  vitli  a  weight 

'i  to  the  greateit  excess  of  the  preitsure  upon  each  ama  eqiiid  tu 

.  of  the  valve  within  the  veasel  un  which  the  \-alve  is  fitted, 

the  preware  of  the  atmosphere,  to  whiuti  it  is  aafv  to  subject 

I  n^el  dnring  itH  orrlinaiy  use. 

jtimcs  tbt'  valve  liu3  u  vertical  spindle  riaiiig  from  it,  moving 
^pideH,  and  loaded  din-ctly  with  cylindrical  weighta  which  rest 
lieoUu*  that  Borruuuds  th«.-  spindle. 


r 


Jig.  29. 


Sumetiinsa  the  load  is  applie<l  >  of  a  lever,  as  in  fig.  39, 

repreaenla  a  sectiou  of  the  ^.i!^*^  .^.tt  and  ^Tilvo,  and  an  ele- 
^^u  ol'  the  lever.  A  ia  the  valve,  D  a  stud  or  knob  in  the  centre 
rhs  opper  aide,  C  B  a  lever  jointed  to  a  fixed  fulcrum  at  0,  B  the 
night,  which  can  be  shifted  to  different  poaitioiw  on  the  lever,  bo 
varv  the  load  on  the  valve, 
inu-naity  of  the  effective  pressure  p  |»er  square  inch  necca- 
u|>eii  the  valve  ia  given  as  foUowB : — Let  B  denote  the 
pplied  to  the  lever,  L  that  of  the  lever  itself,  G  Cthe  dis- 

OBDtro  of  gravity  of  tlie  lever  from  the  joint  O,  W  the 

'  the  valve,  A  ita  area  in  sciuaro  iuchea;  then. 
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Fig.  30  is  an  elevation  of  the  valve,  showing  the  Unl  (already 
reftm-'d  to  in  the  last  Article),  by  wliicli  It  is  Kviided  so  as  to  move 
vertiailly,  and  to  rvturii  always  to  ita  seal  Fig.  31  ia  a  horixratal 
section  of  the  tail,  whicb  oouisia  of  three  vertical  ribs 
or  "feathcre,"  imliatiug  at  angles  of  120*.  Their 
outer  suTfaces  or  edges  are  small  ixjrtions  of  a  vertical 
cylinder,  tumcHl  to  fit  the  cylindrical  tul»e  on  which 
the  valve  is  plaotxl  easily  but  noi  too 
looecly. 

Modifications  of  the  itaTety  valvt^  spe- 
cinlly  KiiiUsl  to  steam  engines,  will  be  de- 
scriiied  under   tlio  head  of  that  ckss  of 


Y 


Fig.  82. 


He-  »!• 

prime  niovera. 

114.  The  Ban  ciack  (fig.  32)  is  a  valve  of  the  form  of  anaccu- 
lately  tumwl  apKere.     When  of  large  sias,  it  is  in  geoenl  haUow, 

in  order  to  reduce  ita  weight.  Its  fibce  '•»  its 
entire  surface:  its  seat  is  a  spherical  zone,  u  in 
the  case  of  some  bonuet  valves  already  rcfurre4 
ta  As  the  ball  clock  fits  its  neat  alike  in  ever} 
position,  it  needs  neither  spindle  nor  tall;  but 
pithei-  the  chnniber  in  which  it  works  mtist  be  oi 
auch  a  shnfte  and  size  as  to  insure  its  always  GUI* 
ing  iiito  itA  seat,  or  the  same  object  must  be 
effected  by  uiRans  of  wire  guards  enclosing  it,  as 
sliown  in  tlie  figure.    The  Intter  plan  is  the  better, 

as  it  is  the  more  lilcL'ly  to  inHure  that  there  sbtdl  always  be  a  free 

passage  for  the  iluid  rumid  tho  v»lvc  when  open. 

1 15.  DiTidrd  c»bIchI  VHirv. — Bonnet  \-alvea  of  large  aizo,  wbon 
working  under  high  prewiuresf,  often  rtiquire  an  inconveniently 
grent  amount  of  wmk  to  npen  them,  and  shut  with  such  violence 
as  to  cause  injurious  sliucka  to  the  machine.  To  obviate  tbin  evQ, 
a  valve  has  sometimM  been  used,  oom^tosed  of  a  series  of  concentcic 
rings.  The  luiyest  ring  may  be  considered  as  a  bonnet  ^'alve,  in 
■which  there  U  a  circular  orifice,  forming  a  seat  for  a  aualler  bonnet 
valve,  in  wliich  then*  is  a  smaller  circular  orifice,  forming  a  aeatfbr 
a  still  smaller  bonnet  valve,  and  so  on.  This  an-ungcmeut  enabUs 
a  large  opening  for  the  passage  of  water  to  be  formed  with  a 
moderate  upward  motion  of  each  division  of  the  vnlvo ;  and  coiwd- 
qnontly  with  a  mo<lci-ate  expenditure  of  work  to  open  it^  and  a 
moderate  sliock  whcu  it.  shuts. 

llfi.  The  DaMbi«--Bcnt  Vnitm  (an  invention  of  Mfssia.  Harvey 
and  West)  is  the  heat  contrivance  yet  kn<jwn  for  enabling  a  Urgt 
paasage  for  a  fluid  to  bo  opened  ana  shut  iiisily  under  a  high  pres- 
sure. Fig.  33  represents  a  section  of  the  valve,  with  its  seats  and 
cb&mber,  and  fig.  34  a  plan  of  the  \'alve  alone. 
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The  T&Ive  ehoini  id  the  fignre  u  for  Uw  poipow  of  opening  mud 
dnitting  Uie  commtuucatioa  betveen  the  popes  A  and  B. 


V^»4. 


n  •  3i 


The  pipe  B  is  vertical,  and  its  upper  rim  carries  one  of  the  two 
valve  snits,  which  are  of  Um  form  of  Uio  frustum  of  a  ooue,  and 
cnch  marked  a. 

A  fmtno  C,  compoised  of  ndiating  partitions,  fixed  to  aTid  lestiltg 
on  the  upper  end  of  the  pine  B,  carries  a  fixed  drralor  diac^  wboae 
rim  (ormst  tbe  other  corneal  valre  senL. 

Ttii-  vatro  D  ta  of  Uio  form  of  a  torbaa,  and  haa  two  annular 
•onical  ikct^,  which,  wliou  it  is  shut,  rest  at  one*)  on  and  fit  eqtuilly 
duee  to  ilie  two  iieatii  a,  a.  When  tho  vsive  is  raised,  the  fluid 
piues  ai  uu<»  tliro(i};h  tho  cylindrical  op»iing  borwecn  the  lown- 
•dge  of  the  valve  and  the  npixo*  {dge  of  the  pif<v  B,  and  thiDUKh 
Che  similar  r>|M-ning  between  the  upper  edge  of  tbe  valve  and  the 
rim  of  tbe  rirralar  diitc 

The  gri-att'st  poatsiljle  opt-iiinj*  of  the  valve  it  when  ita  lower  cdgv 
is  uudwuy  between  the  diftc  and  the  rim  of  the  pipe  B,  and  ia  giveu 
by  the  following  foruiuja  :— 

Let 

d^  be  the  diameter  of  the  pipe  B; 

(^  tliut  of  the  disc ; 

h,  the  clear  height  &om  the  pipe  to  the  diBC;,  lett  the  thiolfiww  (if 
tbe  valve; 

A,  the  greatett  area  of  opening  of  the  valve;  then 
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A±^. 


2  ' 


.(I.) 


and  in  order  ttiui  this  inaj  be  at  least  equal  to  the  area  of  the  pipB 
B,  yvLj  -7851  dl,  we  should  have 


h  at  least  = 


Wpfdi" 


.(i) 


which,  if  as  is  uxual,  c/j  —  cJ^  givcti 


A  at  least  =  ^  ; (2  i.) 

hut  A  is  in  general  conaderablj  greater  thftn  the  Umit  fixed  bj 
this  rule. 

If  tlio  npper  and  lower  K>ata  are  of  eqnal  diameter,  the  valre  it 
little  afii^ct^d  by  nay  t'xcesa  of  pressure  either  in  A  or  in  B ;  and  a 
force  a  tittle  exceeding  iXA  own  weight  ia  sufficient  to  opai  it.  It 
is  tlien  caUvl  an  EQUILIBRIUM  VALVtl 

If  the  diameter  of  the  upper  Bmt  is  the  les(<,  an  exceas  of  prea- 
Bure  in  A  over  B  tomis  to  kvL'p  it  shut,  and  an  excess  of  preBiuc 
in  U  over  A  to  open  it 

If  the  diametvr  of  the  upper  seat  is  the  greater,  an  excen  of 
preesure  in  A  over  H  tends  to  open  the  valve,  and  an  excess  of 
preeaure  in  B  over  A  tu  "ktxp  it  shut  This  amiugeinent  is  aeldom 
uaed. 

Id  each  case,  the  force  arising  from  difiereuce  of  intensitjr  qC 

greSBure,  and  tending  to  open  or  ehut  the  val%-e,  as  the  case  mi^ 
e,  ia  nearly  equal  to  that  ditfcrence  multiplied  by  the  diflerenas 
between  the  area  of  the  pipe  B  and  that  of  the  circular  disc. 

The  equilibrium  valve  is  the  kind  of  double-beat  valrs  mott 
commonly  used  in  Btt.'um  ciigiDcs.  Tn  water  pressure  cngiiM^ 
pumps,  and  hydraulic  apparatus  generally,  the  lower  valve  seat  H 
generally  made  a  little  larger  than  the  upper. 

117.  A  FiHp  vaiTti,  illuBtmted  by  fig.  25,  is  a  lid  which  opens 

and  shuts  by  turning  ou  u  hiu^-.*  The  hinge  may  either  bo  a  metal 

joint,  or  may  be  provided  by  the  flexihili^  of 

the  material  of  the  valvo  itself,  when  that  is 

leather  or  india  mbber. 

_.      .  The  face  may  be  of  leather,  india  rubber, 

^'  or  metal ;  in  the  last  case  tlie  hico  and  sat 

should  be  carefully  scmpcd  to  true  planea. 

In  hydraulic  machines,  the  most  common  material  for  flap  valves 
is  leather,  which  should,  as  far  as  possible,  be  kept  constantly  wet 
A  lat;go  leather  tlap  may  be  stiffened  in  the  middle  by  a  plate  of 
wood  or  metal 
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of  fUp  mires  placed  hinge  to  hinge  {asiially  maile  of  one 
"ler  fiisUmed  down  In  t^c  uuddlo)  cniistitate  a  "BuiTKa- 
'  The  cli*mb«r  of  a  flap  vaXve  ttlioiiKl  be  of  onnsidvrukljr 
leter  than  tJbe  valve. 

la|i  Mid  Shrutac  Taira  consUta  of  a  roiind  disc  of  watcr- 

or  of  india  mbber,  resting  od  a  fiat  horizontal  grating, 

perforated  witli  holpti,  to  which  it  is  fasteucd  down  at 

being  luit  luose  at  the  od^wL     To  prevent  the  valve 

^  too  high,  it  is  osualljr  providt>d  with  a  guard,  which  is 

I  Bttal  cnp  formed  like  a  aegmeiit  of  a  sphere,  grated  or  per* 

'  like  the  valve  seat,  to  which  it  is  bolted  at  the  oentre, 

also  to  fiuten  the  valve  don'n  at  tlmt  point.     The  cup 

riwre  a  metal  shoulder  at  its  ba«e,  a  little  leas  in  depth  than 

jlUekiian  of  the  flap,  to  press  directly  against  the  sent,  bo  that 

fteBcm  of  the  bolt  may  not  be  brought  to  bear  on  the  flap, 

,  would  be  ouable  to  sustain  it     When  the  vulvu  is  miKeil  by 

it  from  helow,  it  appli(!(i  itwlf  to  tlic  bottom  of  the  cup. 

the  currt'Dt  isrevorw-il,  Uie  fluid  from  i*lw>vc,  pivssiug  ou  the 

>  thnragh  the  holes  in  the  cup,  drivua  it  do'n*n  to  it«  seat  again. 

ig  to  Mr.  Bouriio,  val\-e8  of  this  class,  when  made  of 

irabber,  may  be  about  tax  inches  in  diameter  and  iiv<>-eighthB 

inch   thick.     They  are  adapted  to  large  jiunija  by  making 

■dflldentlj  Duin^rrnia.     Th«^-  are  now  much  used  for  the  air 

of  steam  engines,  in  wliich  the  pressure  they  have  to  sob- 

rkwthaa  on<>  atmnsphem.     It  is  probable  that  th^  are  not 

of  bearinji;  ver)-  high  presurcs. 

19.  The  Bt»e  MHi  PirM  TnItis  or  ThrMiir  Vnirc  Consists  of  a 

flat  metal  plate  or  diac,  which,  when  ulnit,  fits  closely  the 

of  A  X)i|«e  or  passage,  generally  circular  in  section,  but 

TMTtangnlar,      The   valve   turns   upon   two  pivots  or 

placed  at  the  cxtromitica  of  a  diameter  traversing  ita 

of  gravity,   so  tlmt  the  prt^ssitre  of  the  fluid  against  it  is 

abotit  its  axis  of  rotation,  and  the  valve  can  be  turned 

any  lui^ular  position  by  a  force  sofiloient  to  overcome  ita 

the  Talve  is  turned  so  as  to  lie  edgeways  along  the  pas- 

ihe  current  of  fluid  jwises  with  very  little  obstnictiuu:  when 

I  tomed  transversely,  th^  current  is  stopped,  or  nearly  stopped. 

th.«  valve  at  various  angles,  various  ojieniags  can  be 

the  valve,  when  slmt,  is  [wr^iendicular  to  tlie  axis  of  the 

the  npening  for  any  given  inclination  of  the  -valve  to  that 

t»  ]m>f)oriiriQal  to  tbe  cvverswl-ahia  of  the  iTidination.     If  the 

m  oblit]ue  when  nhnt,  the  opening  at  a  given  inclination  is 

ioswl  to  the  difference  between  the  tint  o/lJuU  indiruUia*^ 

I  sine  of  the  indinalion  te^ten  nAui. 
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Tho  /(MA  of  thia  valve  in  ita  rim ;  its  9tat  is  tliat  part  of  the 
internal  surfooe  of  the  [Kseage  which  the  nm  touches  when  tha 
Talve  li  slnit;  aa<l  those  surfaces  ought  to  l>c  made  to  fit  Taiy 
accurately,  witbout  being  so  tight  as  to  cause  any  difficulty  ia 
opening  the  valve. 

Ouu  of  the  jonmnLs  of  the  ralve  ustiallv  pasaeft  through  a  bush 
or  a  fftiiiRiig  hox  in  tho  pipe,  so  as  to  atlVml  thu  meuoa  of  oommu* 
niciitiuK  laotinn  to  tlie  >'alve  from  the  outside. 

It  is  difficult  to  make  valves  of  this  class  perfectly  water-tight  or 
steam-tijijLt  without  too  much  impeding  their  modon.  They  are, 
therefore^  not  so  well  suited  for  stop  vulves  aa  fur  regulating 
valvea,  and  for  the  latter  purpose  they  are  much  nsed,  both  in 
water  iircssure  engines  and  in  steiun  engines. 

Thnr  form  will  be  illustrated  in  the  tignree  of  engines  of  whitA 
tliey  furm  iwirt. 

120.  aiMc  vaivcB. — The  amt  of  a  itlide  valve  con<tiRiA  of  a  phuu 
metal  surface,  very  utcumtuly  fomiod,  p«irt  tif  wlUch  is  a  rim  aur- 
rounding  the  orifioa  or  jwrt,  which  the  valve  is  to  close,  aod  &ant 

-  to  —  of  tho  breadth  of  that  oriiico,  while  tho  remainder  ext«nda 

to  a  di.TtAnce  from  the  orifice  equal  to  the  diameter  of  tho  valve,  ia 
order  that  the  \-alvo,  when  in  such  a  [tosition  as  to  leave  the  port 
completely  open,  shall  still  have  eveiy  part  of  ito  fiice  in  contact 
with  the  Beat. 

The  valvfl  ifl  of  such  dimensions  as  to  co^-cr  the  port  together 
with  that  portiuu  of  the  »eot  which  forms  a  rim  suvrounding  the 
port.  The  face  of  the  vnlve  must  be  a  true  plane,  so  as  to  sUds 
Bmoothly  on  the  B<.4it;  and  in  large  slide  viUves  conasta  of  a  list 
nurrounding  that  central  port  of  the  valve  which  dirFctly  closes  Aft 
(jrificL*.  and  which  is  more  or  less  concave,  to  enable  it  the  bettar 
lo  n^aist  tlie  pressure  which  acts  on  the  hack  of  the  valve  wheo  tt 
in  cluttc-d. 

A'^ery  large  slide  valrea,  sncb  as  those  in  the  cotime  of  the  maia 
water  pij>t:8  of  large  towns,  are  strengthened  at  the  back  by  flan^ 
or  riha. 

The  valve  and  its  scat  are  oontained  within  an  oblong  box 
case,  largo  enough  to  permit  the  eaty  motion  of  the  vah*e  within 
it,  and  usually  forming  an  enlargement  in  the  course  of  a  pipe. 
Tho  vu^M  fVM/,  by  means  of  which  the  valve  is  opened  and  shot, 
passeii  oat  through  a  stuffing  box;  or  iustend  of  such  a  rod.  % 
valve  of  moderate  sice  often  has  a  nut  fixed  to  it,  witliin  which 
works  a  screw  on  the  end  of  an  aile,  which  passes  nut  tliraaf(h 
bu&l),  and  has  shouldtra  within  and  without  to  prevent  it  from. 
moving  longitudinally,  and  a  square  on  the  outer  end  on  which  tbt 
Jcey  £ts  that  is  used  in  turning  it. 
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between  the  faoa  and  scat  of  a  alido  valve  i& 
i,.,  «  ^  Area  of  the  >-alve,  multiplied  by  tlo  excess  of 
trf  the  j«iMSunj  Iwliind  it  above  the  pnasaure  in  fnjiil 

IMd  ppeBBure  being  mulUpUod  by  the  oo-efficdcnt  of  fnction 

I  ths  Gu«  aiid  B«flt^  vhioh  uiay  be  aa  much  as  0-3  (we 

[13),  lives  thd  rcaiatuDce  of  the  valve  to  being  opened, 

*i  tlmM  alvaya  considerable.     For  the  doable  puqiose  of 

'  (!■(  nnstAnce  to  be  nvercome  hj  a  modemt«  effort,  and 

^     ttiae  the  shocks  which  wouJ  J  ariao  from  middenly  oloong 

^Mlve  wben  thuit-  iit  a  mpid  ctirrent  passing,  it  is  Deoefisarj 

llbralre  ahould  more  slowly  na  compared  with  the  driving 

i  of  lb*  ftpparatns  by  means  of  which  it  is  moved.     In  mode- 

JMBdrai^TS,  this  is  usuidly  provided  for  by  causing  thrro  to 

Vtpnd  and  shot  by  turning  a  screw,  as  ah-eaily  deucribt-d,  ur 

^-^•"T  ilie  valve  rod  by  a  rack  and  pinion  of  suit&ble  dimen- 

iilkle  Tal\-cs  are  sometimes  moved  by  attacliing  the  valve 

■on  contained  in  a  cylinder,  which  has  a  jiiui'  of  siipjily 

,  ^me  {or  each  eud,  bringing  water  fixim  the  main  pipe  behind 

Irv.  and  a  pair  of  discharge  pipes,  one  for  each  end,  leading 

I  main  pi|)e  in  front  of  the  \-^ve.     These  four  pitiea  arc  pro- 

rith    suitable   cockfl   or    valves  to    be  opened    and    ahat 

and  thus  is  formed  a  small  water  prceHuro  engine,  by 

of  which  the  slide  valve  can  be  moved  either  way  when 

!  opening  and  shotting  of  a  reiy  Urge  slide  valve  is  sometimes 

•d  by  making  it  in  two  divisions — a  laiger  and  a  smallei*. 

..  iIKt  division  is  opened  fii-st  and  closed  last ;  the  ofTect  of 

Ik,   itiat  it  alouo  Las  to  be  moved  against  the  reeistance 

from  Uie  greatest  difference  of  pi-essure  before  and  behind 

Ire ;   B.nd  tliat  Uie  larger  division  has  only  to  be  moved 

the  rt-si»taueo  arising  from  the  preeanre  corresponding  to 

o/'AoW  caused  by  the  contraction  and  subsequent  enlai-ge- 

_S  the  streiim  in  passing  through  the  smaller  division  of  the 

t;  *8  to  which  see  Artiere  99. 

slitl*  ro/i'iM  are  eonietimee  used,  in  which  the  valve  and 
mtr  ft  jwir  "f  circular  plates,  having  one  or  nii)re  efjnal  and 
oiifioes  in  thent     The  passage  is  opened  by  turning  the 
HHit  lt«  centre  until  its  openings  are  op|>ofiit«  to  those  of 
and  sliut  by  turning  it  so  that  its  openings  are  op]x^t« 
____iiouft  of  the  scat 
rftrioiis  forma  of  slide  valve  pculiarto  the  st^am  engtoe  will  be 

C  under  l)ie  head  of  that  class  of  prime  movem 
^^tmm  valw  Is  a  pistoD  moving  to  and  fro  in  a  cyli' 
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vfao*  intenial  sor&ce  is  the  valve  ggai.  Tbe  port  u  formei 
ring  or  aone  of  openings  in  the  cylinder,  commtuiicating  i 
pumgB  which  sniTDanfU  it ;  and  by  monog  the  piBton  to 
•da  of  tboae  opt'mii<^,  that  poaaago  is  put  iu  oommunioUMfl 
tha  o|ipaaitft  end  at'  the  vidve  cylinder.  Details  and  pari 
ftOM  of  the  pislOD  vmlve  ivill  be  tllustruted  farther  on. 

1&  mfci — ^Hua  term  Is  aomctimeii  applied  to  all  valvas 
an  eyed  and  dnit  by  hand,  but  its  |>ruper  application  is  to 
<a|yaa  which  an  of  tho  form  of  a  frustum  of  a  coue,  or  a 
Iwfii;  in  s  aaat  of  the  aame  fignra. 

Im  Uhe  tnoai  common  fonn  of  code,  the  seat  is  a  hollow  M 
d^fct  tafer,  having  its  axis  at  right  aiic;lM  to  the  pipe  in 
aommi  it  occnia.  The  valve  is  a  cone  fitting  the  sent  acan 
mad  having  a  tnuutrcrso  inssaga  through  it  of  the  same  figui 
da  with  tho  bore  of  the  pijM*,  so  that  in  one  position  it 
linpfy  «  ooutinaation  of  tihe  pipo,  uud  oflets  no  obetmotum 
ennvBty  whUe  hy  turning  it  into  different  angular  positioii 
opanlng  may  be  closed  cither  |Kirtial1y  ur  wholly.  A  acrv 
wiasher  at  tlie  smtiller  end  of  tho  cock  serve  to  tighten  it  ia  it 

Schirle'a  curve"  f  Article  14)  is  i>omctime«  usod  for  oock& 

In  «  furm  of  cock  much  iiaod  for  liTe  plugK,  a  nhort  vertlol 
ft*oui  a  wat^r  main  turuiioutt'S  in  a  hollow  conical  fru 
slightly  upwards,  and  hnviDg  an  oriBce  in  ita  nda  U 
into  a  lateral  pipe.  Inside  the  hoUow  cone  is  the  valve,  ■ 
another  oone,  also  hollow,  o|»en  at  the  base,  clo«»ed  at  the  to] 
having  an  nrifico  in  its  side  of  the  some  size  and  fiffuro  witi 
in  ihe  outer  oona.  TIuh  inner  cone  is  pressed  upwards  inl 
««ler  cone  by  the  watwr  within  and  below  it,  which  tlnis  ton 
the  joint  between  the  oonea  wat^r-tiglit ;  and  by  tumii 
ponti  inU>  varirnis  angular  poritions,  the  lateral  orifice  C 
o|»rurd,  or  iHirtudly  m-  wholly  cloW. 

|$&    VlulblK  Tube  ■■«  l>faiphni«ai  Vnlm. — A    clftSS  of  ' 

hllal^  bw^n  introducf^l,  in  which  nn  india  rubWr  or  guitti  ] 
vhtilh  when  fully  upttn  i«  cylindrical,  can  be  wholly  on 
iioMd  by  pinching  it  as  if  iu  a  vice,  by  means  of  a  scrff 
Mother  ohuM  of  vulvea,  tho  month  of  a  cyliDdriod  pipfl^ 
^bch  •  currrnt  of  woter  in  discliarged,  has  opposite  to  it  a  fi 
.^.^W  .li4|dimgni  of  india  rubber,  of  lar^r  diameter  tha 
1   at   tli.i   .■<lge8  at  such  a  diirtJincB  from   the  pi 
,  A  luflloiout  passogu  for  the  fluid  between  the  m 
"  the  faco  of  the  diaphragm.     Behind  the  <liap] 
slitfhtly   convex    stopper    or    plug,    which, 
%K««nl  by    means  of  u   screw,   presaea  the  diap 
tho    mouth    of   the    nine,    and    m    dooa 
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SaatOK  3. — Plungers,  Pittons,  ond  Packing  of  Water  JNuwun 

£nginM. 

I.  JL  Piwawr  is  a  metal  cylinder,  doaed  at  tlie  ettda,  mad  aoen- 
Ij  tariit.-d  un  the  ojrLindncal  sartace,  which,  id  a  aio^  Mtu^ 
^  imp  or  wtttcT  premire  en^ne,  acts  at  oDoe  as  pUton  and  ai  ptiton 
rod,  Dy  liaving  a  reciprocating  motion  in  a  eytinder.  The  internal 
4t«rpAtor  of  the  cjVmdvr  is  Uiyer  tiiaa  that  of  the  plmiger  hj  an 
Huotrnt  sufficient  to  prevt.-nt  tbt--Lr  toochin^.  Roond  the  cucalar 
afertam  through  which  the  plunger  woria  is  a  water-ti^t  *'  capped 
faatbiTT  ooUar,"  to  be  deaorioed  in  the  next  ArticU.  A  wctian  of 
a  e^liader  showing  a  plunger  working  in  it  is  given  in  fi^  37,  a  few 
pum  farther  on. 

The  area  of  the  transver?ie  section  of  the  plunger,  and  not  Otmt  of 
ilke  c]rlu>'l^t'  ^  which  it  worlu,  is  to  be  used  in  computing  the  efibrt 
exerted  by  the  pressure  of  the  w«t«*r  npon  it- 

The  wetglic  of  a  plonger  is  of^n  made  consideimble,  aod  Mnn*- 
limea  a  lo^  also  is  pla^  upon  it,  in  order  that  energy  may  be 
•lorred  in  lifting  it,  and  restored  when  it  ileaoenda 

To  cxfiiipliiv  the  mcle  of  adjusting  th«  we^t  and  load  ot  the 

fnr  that  purposp,  let  W  deaote  ihe  groM  wei^t  of  tb«  i 

and  load  of  a  single  acting  water  pRSBora  eDgine,  vhtdi  i» 

[IJusted  in  such  a  manner  t^t  the  uaefhl  iwustance  ovexnnne 

the  ascent  and  descent  of  the  ])Iunger  shall  be  eqnaL     I^ 

denote  that  useful  resistance. 

Let  P|  be  the  effective  effort  of  the  water  on  the  plunger  during 
up  stroke ;  P^  if  positiTe,  the  exoew  of  the  effort  of  the  atmo- 
era  above  the  icaistaaco  from  Inck  pressure  of  the  water  docing 
down  stroke.     If  the  latter  quantity  is  the  greater,  P^  beoomes 
ttive,  and  tt»  mgu  must  bo  rcvertwd  in  the  ftdlowing  eqnatioiia 
Article  110);— 
Let  Rj  be  the  friction  during  the  up  stroke,  and  EL,  dntiog  the 
down  stroke    (Ajb  to  the  frictdon  of  the  ouUar,  see  the  next  Axtidb) 
""        during  the  op  stzoke,  when  W  is  a  renstanoe, 

H,  =  Pj  -  Ri  -  W; ^t) 

and  during  the  down  struke,  when  W  is  an  effort, 

B,  =  P,-R,  +  W; (2.) 

mbtncting  (1)  hvm  (3),  and  dividing  by  2,  we  find, 

W  .  p. -«.-'-.- «1 (IJ 
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\'25,  The  €suppt*  l<MUh«r  C*lUr  Oirough  whtcb  a  plunger 
is  shown  io  sefiion  on  a  snutH  ftcnln  in  6g.  37,  tiirtboi-  od,  and 
lar^ger  scale  in  fig.  38.  It  retwmUcs  iu  iibape  au  inverted  annular 
cLuimel;  and  is  lodged  in  an  anunlar  rocewi  surrounding  tiie 
plunger.  Its  hollow  channel  is  tumcMl  towards  the  inside  of  the 
cylinder;  and  the  water,  tending  to  etttargo  that  cliannel,  presaea 
itB  outer  aide  against  the  recess,  and  it^i  inner  side  against  the 
plunger,  and  so  ke<epe  a  wat«r-tight  joint 

The  friction  between  a  plnnger  and  its  leather  collar  is  prta 
approximately  by  the  foUowiiig  formiila :  let  d  he  the  diameter  of 
the  plunger,  in  inehes;  p,  the  pressure,  in  Iha.  on  the  a^uaro  inch; 
K',  tlio  friction,  in  Iba.,  then 

K=/pd. 

According  to  Mr.  'Williain  Morc's  oxperimcnta,/=  about  1*2  x 
the  depth  of  bearing  sui-faco  of  the  collar;  and  the  friction  is, 
roughly,  ono-tcnth  of  the  load  in  ordinary  cases;  according  to  Mr. 
John  Ilick's  exiierimeuts^y ranges  from  "05  to  03. 

12G.  {..nitbrr  PBciir4  Piaiao. — A  plstou  is  distinguished  from  a 
plunger  by  accurately  fitting  the  cylinder  in  which  it  works,  bo  as 
to  be  water-tight,  uud  by  l^i^irig  of  uu  gn-atcr  tliicknesa  than  ia 
necesaazy  to  make  it  water-tight  It  is  attached  to  a  rod,  atrong 
enough  to  transmit  the  ofibrt  that  acts  on  it  to  the  mecbanlsm 
which  it  drives  (see  Articles  til,  7 1).  The  water  acts  on  one  face 
of  the  piston,  or  on  both,  according  as  the  engine  is  single  acting 
or  donble  acting. 

When  the  water  acts  on  that  side  of  the  piston  from  which  tl* 
rod  extends,  the  cylinder  cover  has  a  stuffing  box  in  its  centre, 
through  which  the  rod  works;  and  the  opening  is  roade  water-tight 
by  a  leather  collar,  as  alreaily  described,  or  by  hoinpcii  packing. 

In  computing  tlie  effort  exerted  by  the  watar  on  that  side  of  the 
piston  fiMiu  which  the  rod  extends,  the  sectwnal  area  i^Ote  rod  is 
to  be  deducted  fforti  the  area  of  t/m  piston;  in  other  wordf^  the 
effective  area  of  the  piuton  on  Uiut  ^de  is  leas  than  the  total  area 
in  the  ratio 

where  d'  is  the  diameter  of  the  rod,  and  d  that  of  the  piston. 

AVhen  the  pi-ston  is  to  be  packed  by  moans  of  leathi-r,  ite  disc, 
which  lite  the  cylinder  easily  (and  to  which  the  rod  is  tirmly 
attached  by  a  screw,  or  a  screw  and  nut  or  a  key),  is  made  slightly 
oonvavc  on  the  upper  niul  und^r  faces;  tlicn  on  each  of  those  faccfl 
is  placed  a  leather  ring,  shaped  somewhat  like  a  sAuc«'r  with  a  hole 
is  the  centre,  and  having  its  edge  turned  up  all  round  so  as  to  pran 


( 
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fiftt  ftgainst  the  inside  of  the  cylinder  for  a  breadth  of  nn  inch,  or 
an  iudi  aod  »-balf,  or  tfaeraiboutB,  TJie  edges  of  those  leather 
tin^  are  thu«  turned  oppowte  ways,  that  of  thv  upper  ring  upwards, 
ud  that  of  the  lower  ring  downwarda  Bacli  of  the  lings  i»  h«ld  in 
tU  placu  by  s  round  mucer-ahaiied  guard  or  piston  cover,  bolted  or 
MJTFwed  to  the  body  of  the  piaton. 

ITie  frictiou  <if  such  piston'^,  like  that  of  plunger^  is  found  to  he 
About  ona-teMh  of  the  effort  of  the  water. 

A  piMon,  like  a  plunger,  may  be  londed  for  the  purjxiae  of  storing 
energy,  and  accnnling  to  tlie  iuunc  principles. 

127.  uamprm  PnrUag. — The  body  of  a  pigton  which  is  to  be 
pftckod  with  homp  is  from  two  to  four  inchea  loss  iu  di>uuet<-r  than 
the  cyUndcr  in  which  it  w  to  work ;  and  its  depth  is  about  onp-«ixth 
of  thfl  diameter  of  the  cylinder.  It  buJges  u  littk-  ut  the  middle  of 
its  depth.  Bound  ita  base  there  projects  a  horizontal  Daiige,  who«e 
rim  fits  the  cj'linder  eiiAily.  Above  that  flange  and  round  tlie  body 
of  tlie  piston  iH  wnip{>ed  the  packing,  consisting  eithrr  of  loose 
lump,  or  of  a  soft  loosely  spun  hempen  rojte,  called  "gajikct^" 
•oak«d  with  grease.  Above  the  pocking  is  a  riug  of  the  same  size 
■nd  fignrc  with  the  flange,  for  pretQing  tlie  packing  down,  and 
jmiaigg  it  to  fit  tightly  in  the  cylinder.  This  "junk-ring"  is  hold 
down  and  can  be  moved  towai-ds  the  flange  so  as  to  compress  the 
packing  when  required,  by  means  of  screiA~s. 

The  stuffing  box  of  a  piston  rod  is  packed  with  hemp  in  a  similar 
amxater,  the  hemp  being  prcsEed  down  and  made  to  fit  tightly  round 
ilie  piston  rod  by  means  of  the  stuffing  box  cover  and  its  bolts  or 


Sbctiok  4. — 0/  nydravlic  Pree»e$  and  Hauls. 

13&  Tlie  Hr^rmaUc  Pttm  is  supplied  witlt  water  from  an  artt- 
ficial  source,  cu  stated  in  Article  97,  and  in  Uiftrefore  not  a  prime 
BMTcr,  but  a  piece  of  mechanism  for  conveniently  applying  the 
energf  of  the  muscular  power,  or  steam  power,  by  which  its  supply 
pomps  are  worked.  It  is  described  here  first  on  account  of  its 
exemplifying  in  a  simple  form  various  parts  wliich  enter  into  wat«r 
pnasore  engines  graerBlly. 

Fig.  30  is  au  elevation  of  a  hydmnlio  prr*a  mippHed  by  a  hand 
forcing  [mmp;  fig.  37  is  a  vertical  section  of  tiic  cylinder  and 
pomp :  and  fig.  38  rvpreaenta  the  plunger  collar  :  tlifise  figures  liave 
•lltittdj  bo<en  referred  to  in  Articles  124,  125.  Fig.  39  is  the 
Bfely  \iUve,  diflering  from  that  previously  shown  in  Article  113 
ODiy  in  being  so  smiall  that  the  spindle  is  of  au  great  diameter  aa 
the  valve. 

A.  it  the  prets  eylhader,  made  thick  enongh  to  resist  the  pressnre, 
•ooohUng  to  the  principles  of  Article  C4.     The  bottom  shoold  hi 
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Kgmental  or  bcmispberical,  not  flat   B  is  the  plunger;  Q  \ta  colUr 
(nee  Articles   124,   125);  C  a  plate  carried  on  the  head  of  tlw 


pltiagcr;  J>  Cm  upper  plate  of  tho  press;  E  standard.s  gniding 
motion  of  the  plate  O,  and  strong  enough  to  resiHt  a  working 
non  equal  to  the  furco  *"  *m  exerted  hy  the  plunger.     F  is  the 


mDiuruc  FBEsa. 


pump  cylinder,  I  its  plunger,  autl  K  a  guide  for  the  plunger  rod. 
O  is  the  pump  IiunUle ;  H  aiid  H'  are  two  altomntive  ccntrvs,  about 
either  of  which  it  om  be  luude  to  woHc.  ao  as  to  give  a  greator  or  a 
leaB  lererBge  a*  rt-quirpd.  h  is  the  Aupply  pijw  of  the  presa  cylinder, 
through  which  watts'  in  forvt'd  into  it  by  tbt:  pump.  It  contuioa  a 
aelf-acting  clock,  N,  opening  towards  the  pre».i  cyliDdcr,  to  prevent 
the  return  of  water  towards  the  pump.  M  is  the  supply  valve  or 
■uctioD  valve  of  tiie  pump,  being  a  clack  opening  upwards;  O  is 
the  safety  valve,  P  ita  weight;  R  the  escape  valve  or  discharge 
valve,  \mng  a  conical  ping  worked  by  means  of  a  screw,  kept  shut 
while  tlic  plunger  is  being  raised,  and  opened,  so  aa  to  let  the  water 
eM:ftpe  from  the  press  cylinder,  when  uie  plunger  is  to  bo  allowed 
to  deaouud  by  its  weight.  The  discharge  pipe,  leading  from  this 
valTe  to  a  tank  from  which  the  pump  draws  its  water,  is  the  tail 
nux  of  the  machine. 

The  following  formula  relate  to  the  efficiency  of  the  hydraulic 
jfrtsm,  and  show  how  to  compute  the  foree  and  the  energy  required 
to  work  it 

Let  R  be  tlie  useful  reeiutanco  to  be  overcome  by  the  plunger  in 
rfaong.  and  v  the  velocity  with  which  it  is  to  rise  in  feet  per  second. 
Than  the  useful  work  per  second  is 


Bv. 


.(1.) 


{aI  W  be  the  weight  of  the  plungerj  then  B  +  W  la  the  grou 
Udid  of  tlio  plunger.  To  this  has  to  be  added,  for  fi-iction.  a 
quantity  etttimuted  by  the  formula  of  Article  125,  to  that  the  effort 
uf  the  water  on  the  plunger  is  nearly 


P  =  (R 


W)(l./^^ 


.(2.) 


A  being  the  area,  and  d  the  diameter  of  the  plunger.  Then 
the  inteusij^  of  the  effective  pressure  of  the  water  in  the  presa 
cylinder  ought  to  bti 


,=!=<--)  (1.^ (=•) 


in  poands  on  the  square  foot  or  square  inch,  according  as  A  ia  in 

Kjnam  feet  or  square  inches. 

A  V 
Let  a'  be  the  sectiouul  area  of  the  supply  pit*  L;  then  — j- 

a 

in  the  velocity  with  which  the  irater  flows  thi-ough  that  pipej  and 

r'  A^ 

-:  the  height  duo  to  that  vulocitv. 


1» 
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Let  Z  *  T  &■  A»  mwm  tf  Um  TKrioos  /aeton  <^  rm^ance  due  t 
Uw  kiiflh  ^it  (fimni^  of  tkrt  fip*,  ud  the  Kvenl  bends,  ksi 
ooBlncftMib  otfagianiaiM^  awl  other  caoMS  of  reawtancc  whic 
oeev  ift  te  «MaMu  oMmnlHl  aanefingto  the  principles  of  Articl 
99.  TW  had  dtoto>li>  wiMaIr  •(  the  comut  in  the  pipe  is  lot 
omii^  to  1^  «Mttltt  oritaBBBMib  ci  the  ehannel  in  entering  th 
ejUbio-    &BB»tl»-ftB«lMfelm  the  pipe  is 


4  =  (l  +  2F), 


r5  A« 


-(*.) 


Le(/=DiW 


k  the 
phifl««^ 


iitkiabittoW 

•BikUthe 

■ii 


eqiuTBlent  to  this  la«8  of  heuL   Tha 

f+/^ - (3.) 

B  i)m  pvBp;  umI  if  a  be  the  area  of  the  pim 

•(y+P") (6.) 


liy  it  on  the  irater,  with  a  Tclodty  ■ — 
per  wcond  hj  the  pnmp  plunger  on  th 

'AO>  +  rt (7.) 

To  this  bks  to  W  atiUvd  an  allowance  for  the  friction  of  th^ 
MBP,  which,  a»  il  iadadaa  do4  only  the  (Hctioii  of  tlie  plunse 
S^r  hot  thai  of  the  aAehaMMm  and  tsItcs,  may  W  nttimated  «l 
^tt^aof-ttdk  afdw  <Avt  on  the  water;  {^\iiig  for  the  whol 
expeHMlWOTeon). 


j»A(^+iO" 


.<8.) 


Gvpirini 


1^ 


*^ 


ttettha 


III*  «at|naaon  (I)  for  the  useful  work,  i 
«f  tinBMchiao  is 


P 


4  K_ 


.(».) 


^  ^  vrhvitT  of  the  pomp  handle  to  that 
mAv 


. 
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U  the  ejectite  veioeity  of  the  {ramp  fattadi^  — *— ""g  6awM  tittkm 
only,  and 

•-^^i±^ -(11.) 

u  the  ^orl  reqnirMl  thara.  Tha  eflbtt  ^tiefc  vonld  ban  Iimk 
reqoinKl,  hod  then;  been  no  fiietiait  and  bo  Iom  of  hohd,  and  mo 
load  except  the  uaeful  load,  woold  have  bwa 

^^f* «-....—..«...«...  (IX) 

being  lea  than  the  actoal  «flbrt  0^)  i**  ^ pnporiiooiB 

whiuL  the  efficjeoi^  (9)  U  le«  than  tuu^. 

In  onlKT  to  producB  a  oontinaQaa  cmnait  of  waier  into  the  ptfai 
cjlicdcr,  there  an  soowtiines  a  pair  of  panpa  faavuig  their  pfangen 
oDnnected  to  the  omrasite  ama  ctf  a  lerer  vith  two  ana*  of  eqaal 
Iragth,  so  as  to  p«fanD  their  dcnm  Ktroko  alteraaitely.  At  Ae 
end  of  each  ann  of  the  laror  is  a  cron  bar  Ibr  tha  wwkmea  to  h^ 
hold  o£ 

When  the  pnmps  are  woriced  b^  a  cteaa  eruni^  it  is  waaal  to 
baTc  a  act  of  thice,  with  their  plnngexs  re^iectiTwy  eonncrted  with 
throe  ctanlcs  on  mw  Bhaft,  mahing  aaglea  of  13(F  with  each  other. 
Let  «  be  the  length  of  itrDke  of  one  of  thos,  a  the  area  of  iti 
|daager,T  the  number  of  twoliiliiMU  made  by  tlw  shaft  in  a  seoood; 
then,  as  the  qnantitjr  of  water  required  per  asoood  ia  v  A,  wc  nnat 
hare 

3  T  a  *  =  r  A. (IS.)    , 

The  bjdxaaUe  pceea  majr  be  worked  bjr  water  from  a  natonl 
iviuru* :  in  which  case  the  waste  of  enei^  owing  to  Uie  frirtjon  of 
xXva  pomp  diaippean,  and  the  efficiency  hecooies  simply 

^^■- - ('^^ 

the  Bow  and  total  head  required  to  drive  the  machine  being 
raspectivuly 

Q  =  «  A- (15.) 

H  =  £^ (16.) 

110.  WaM  Pi«M«t«  !!•«•»  maA  Pbh^mi  The  simpleflt  water 
pii— uie  hoist  is  a  hydmuJic  preee,  having  on  the  top  of  ito  presa 
phingcr  a  croea-hi«d,  from  the  ends  of  which  hang  chains  for  liftrng 
a  load.  6udi  was  the  appontus  used  in  raising  the  ginleis  of  the 
Britannia  Bridge. 


w 
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For  Ihia  maclmie,  "R,  in  the  equationn  of  the  preceding  Art! 
represeots  the  load  to  be  lifted,  ood  W  the  weight  of  the  pluuger7 
cross-head,  uud  cliaiti& 

To  a  amilar  clttm  belongs  the  water  pressure  hoist  or  purchaw 
invented  by  Mr.  Miller  for  dra^^iging  ehips  up  the  inclined  pliine  of 
"  Mnrtxin*B  sHi*."  In  this  machine  the  press  cylinder  is  placed  at 
the  upper  end  of  the  inclined  jilane,  and  at  an  inclination  fqual  to 
that  of  the  plane;  and  the  tractive  force  is  exerted  upon  the  chain 
which  draj^  the  vessel  either  by  a  plunger  with  a  cross-head,  or  bj  a, 
piston  with  fl  pistoii  rv>ii  passing  through  a  stuffing  box  in  the  bot- 
tom of  the  cylinder ;  the  effective  area  of  pist^jn  A  in  the  latter  case 
being  the  total  area  less  than  the  sectioaal  area  of  tbo  [tiston  rod. 

Let  i  denote  the  angle  of  inclination  of  the  slip; 

/,  a  co-efficient  of  friction,  whose  valoc  ia  about  A; 

W,,  the  weight  of  the  ahip; 

Kj^,  her  total  resistance  to  being  dragged  np  the  slip ;  then 

B,  =  Wi  (Bin  •  +/00B  t) (1.) 

and  if  V  be  the  velocity  with  which  she  is  to  be  draped,  the  usffvl 
work  per  second  ia 

Rif (2.) 

I^et  Wj  be  the  weight  of  the  cradle,  chains,  piston  or  plungpr, 
and  every  additional  weight  which  moves  along  withtheui;  then 
.  reAiBtance 

111  -f  R5  =  (Wi  +  Wj)  («'o  *  +/«»  *) 


is  to  bo  substituted  for  R  +  W  in  equations  2,  3,  and  9,  of  A 
128,  when  the  formula!  of  tlmt  Article  will  all  become  appli 
to  the  macliiue  now  in  question.  _ 

130.  WMor  PrcMiire  c«c«  noiH.  —  A  water  prfssuro  hoist  for 
niaing  and  lowering  a  cage  containing  mineral  wagons,  or  othar    m 
heavy  IxMlies,  contu.'iu  essentially  of  tlie  fullowiag  parte : —  i^^| 

I.  II.  III.  A  fmme,  nanying  pullep,  a  chain  paasing  overt^^l 
pnlley.s  and  a  cage  hnng  to  one  end  of  the  chain,  as  already 
described  for  a  bucket  hoint.  iu  Article  101. 

IV.  A  verticsil  or  nwirly  vertical  Hoint  cylinder,  firmly  fixed  to 
one  side  of  the  frame,  find  having  a  leather  packed  piston  (Artido 
126)  with  a  piston  rod  passing  upwaj-da  through  a  spiffing  box  in 
the  cylinder  cover.  The  upptT  end  of  the  piston  rod  carries  a  pulley, 
usually  about  thirty  or  thirty-aix  inches  iu  diameter.  The  chain 
is  carried  under  this  pulley,  and  its  end  made  fast  to  the  top  of 
the  frame ;  the  effect  of  which  is,  that  the  velocity  of  the  piston  is 
one-half  of  that  of  the  cage ;  and  the  length  of  stroke  of  the  pinton 
is  one-half  of  the  lift. 
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Tl  The  wppljfpipe  of  the  hoist  cylinder;  having,  near  the  hoist 
crrlindcr,  it»  regulator,  which  is  a  screw  slide  valve,  opened  and 
mut  by  hand. 

VI.  Thf-  t/incJiorge  pipe  of  the  hoist  cylinder,  having  also  its 
•crew  slide  ■s-alve,     Aa  to  rdief  dacks,  see  Article  134  A. 

The  »ioTV  eifiinder,  from  which  the  supply  pipe  of  the  hoist 
ler  comctt,  resembles  a  hydmulic  press,  with  it-;  collared 
plunger.  It  is  deetinixl  to  contain  a  reserve  of  wuU.>r  to  uuppiy  the 
tioist  when  it  is  oocaaonally  worked  »  rapidly  as  to  ftxpond  water 
faster  than  the  source  can  supply  it.  The  store  cylinder  is  rv- 
plenisfaei]  with  wuter  from  thu  t^mrcu  in  the  iutervala  when  the 
hoist  ia  standing  idle.  The  plungcT  of  the  Ktore  cylinder  is  loaded 
with  ft  weight  corresponding  to  tho  pressure  io(|uircd.  The  same 
5tore  cylinder,  if  large  enough,  maj  answer  for  serernl  hoistK. 

Tlie  store  tnrlinder  may  also  be  made  like  a  hydraulic  press 
inverted,  the  plunger  being  fixed,  and  standing  on  a  firm  fonnda- 
tiou,  with  the  supply  and  discharge  pipes  traversing  it;  and  the 
(nrltnder  being  moveable,  with  its  collared  end  down'wards,  and  it« 
close*!  f;nd  u|m-iirds.  and  a  sufficient  weight  ptuced.  ujxin  it. 

VIII.  The  supply  pii>e  of  the  store  cylinder. 

IX.  The  source,  which  may  he  an  elvvated  reservoir,  or  a  water 
work  main  giving  a  sufficient  tlow  and  pressure,  but  which  is 
much  more  frequently  artificial,  being  a  set  of  forcing  pumps 
worked  by  a  steam  engine,  as  described  in  Article  128. 

The  following  are  the  fonnuhp  applicable  to  machines  of  this  kind. 

Let  It,  be  the  ueofvU  load  to  be  lifted,  \  the  height  to  which  it 
is  to  be  lifted  in  the  time  t  with  tJio  velocity  Vj  =  S|  -^  J ;  then  the 
HA^uf  vjork  par  t«etmd  is 

Bi^i- (»■) 

An  onliusry  value  of  r,  is  onejbot  per  aeoonj. 

For  a  firet  rough  estimate  of  the  power  required  to  produce  this 
effect,  the  efficiency  of  the  whole  macliine  may  be  taken  approxi- 

2 
aaUaljr  at  s ;  so  that  the  enerify  eipaidad  per  seoond  will  be 


I 


DQH=-Rjr, 


BflflWy. 


■(2-) 


The  object  of  making  this  rough  estimnto  ia  to  6x  the  size  of  the 
hoist  cjlinder.  If  the  source  is  a  reservoir  or  a  water  work  pipe, 
the  total  head  H  is  in  general  fixed ;  if  the  source  is  artiiicial, 
tbcrrt  am  in  most  cases  reoKios  which  fix  a  limit  to  H  ;  it  is  seldom, 
for  example,  desirable  to  exceed  500  or  600  fe«t  Tho  value  of  H 
|i%-ijjg  U-'-n  fixed  approximately,  we  have  for  the  flow  of  water  per 
.>uJ  whilo  the  cage  is  being  lifted — 


13C 


\ad 
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Q  = 


2DH'" 


•W 


for  Uio  flow  Twr  stroke  of  tho  boist,  which  is  the  effective 
volume  of  tho  hoist  cjUnder — 

«'=I-^=Y <*■) 

Aj  being  the  effective  ana  of  the  pistou ;  that  in,  the  exceaa  of  the 
arua  of  the  pistoo  above  that  of  tho  piston  tod  j  and  *j  -!-  2  its 
length  of  stroke,  ao  that 

20^      3B, 

^        «,         DH  ^  ' 

When  H  is  liiuited  to  500  feet,  the  piston  rod  joaj  be  made  one- 
fiftieth  of  the  area,  or  abont  one-soventh  of  tlie  diameter,  of  the 
[nston;  so  that  wo  shall  have  in  that  catiu — 


Diameter  t^fpielon  ^  A/ 


50 -A. 


Lot  Wj  be  the  weight  of  the  cage ;  then 

Bi+Wi (7.) 

is  tho  toorking  termon  on  (he  chain;  and  six  times  tliis  should  he 
the  ultiniAt«  Rti-ength  of  the  chain.  Let  W|  be  tho  weight  of  the 
chain  and  puller's ;  ibca 

^    +W,^W, 


R,= 


10 


20 


W 


will  be  vonr  nearly  thc/riction  of  the  in«cAantnn. 

Inaftmuch  as  by  the  ttickle  used,  tho  velocity  of  tlie  piston  is 
h»lf  that  of  the  chain,  we  ahall  have  for  tbe  UaiAxtk  <m  mo  puton 

2(im-R,);.* (9.) 

to  which  adding  one-tenth  for  the  friction  of  the  piHton  and  rod. 
we  fiml  for  tho  Affnrt  p  A,  and  intensity  of  preagttre  p,  exerted  by 
the  toater  on  t!ie  pi/ton — 


;'A  =  ?^(R,  +  E^. 


p  = 


_  22  .  R^  +  R^ 


10 


.(10.) 


Tlie  loss  of  head  by  the  reMlanee  of  the  ntpjAy  pipe,  and  the 
oojTxst/wnding  pressure,  are  found  as  in  equation  4  of  Article  138, 


tnat^i-vuc  Boac 
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vith  doe  Attention  to  ihe  firmols  of  Artide  99.     Let  ff  hethe 
mmnnao  foond.     Then 

y+y. OM 

ii  tbe  fm»ture  in  tha  Mora  a/imdir  tdUn  «E»  plimtfftr  i$/JKm^ 

Let  A,  be  tho  aiva  of  tae  plaager  of  we  ifcara  ^imiav  to  l« 
finO  in  B  niAuner  «)>ich  will  be  aftervmnli  rwpliJnfH;  iDii  d^  its 
^ttmeter.     Then,  adding  the  ficicttoo  of  the  ooUar,  we  feMT«^ 

(p+f^XAj+zcy- -.(IS.) 

for  Ute  yroM  load  of  the  Mart  qfUmder  pbaiger,  ioda^ag  iti  own 
Tae  jiuwuiii  in  the  store  cjrlinder  wkm  id  fbmgtr  v  rwMy  is 


(i+-^)0'+l') (1^) 


ud  M(  on2y  Ota  aUm  eytmdiar  («i  lA«  hoid  a^mdet  md  tmppfyfimg 
mAx  to  hare  their  stm^  *<'*I*'^  ^  *^  woridng  wuwit,  ^ 
auing  their  bontii:^  ptoBure  ttx-fold,  azkd  nssg  ue  nlet  of 
Article  04. 

Let  jd'  bo  the  preemmi  doe  to  the  reaifltence  at  tbe  ntpplj  p^ 
Jauting  £ram  the  wiiree  to  the  etora  cylinder ;  then 


DH.=ft  =  (l+^)<P+^)+p- 


(It) 


U  the  pnnwrro  correBponding  to  the  total  head  reqnired  ai  the 
BOOTce,  natoml  or  ortiuciaL  Should  the  head  H,  ^l"'^**iT  fajr  this 
fonunU  prare  greater  than  the  head  H  originally  aHoined,  the 
■nj^y  pipes  ftbtrald  be  made  larger,  »o  aa  to  JiminMai  tlidr  raut- 
aaoe  onw  Hj  does  not  exceed  IL  As  to  this,  see  Artide  108. 
^wn  the  ourgy  atjtended  by  the  ttater  Ux  meki  wacaod  that  the 

*^'"^"  P,Q  =  DQ  H„ (U.) 

ud  the  ^ciavy  fif  tie /oil  o/  water  is 


.(i«.) 


If  the  eoQzoe  is  artificial,  the  woric  lost  in  onrennming  the  frio- 
tion  of  tiie  pnmpe  or  other  mechanioin  used  in  nrodacing  it  is  to  be 
added  b3  pj  Q  iu  estimating  the  wh(4e  onngy  expended  per  SMiocui 
of  working  of  the  hoist  and  the  reeoltant  eBsieuBy  ot  the  entir* 
machine 

A  idngle  store  cylinder  and  a  single  sonroe  or  set  (tf  prnnpf 
saipply  either  one  hoist  or  seveimL    To  find  the  lute  of  flov 
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the  pumps  or  other  source  into  the  store  cylinder,  uoortain  the 
leo^h  of  the  interrtd  during  which  the  hoists  usually  stoud  idle, 
and  add  to  it  the  leu^rlh  of  the  following  interval  during  vhich 
thev  are  ftt  work.  I-^it  T  h«  tlie  number  of  Beoonds  in  the  whoU 
penod  so  found ;  and  of  tht-sL'  seconds  let  T,  ho  the  number  of 
seconds  during  which  any  hoist  is  rmnff,  and  Q  the  quantity  of 
water  it  requiniii  per  ai-cond  whilu  riaiug.  Then  summing  the 
quantities  for  all  the  hoists — 

SQTi (17.) 

is  the  qtiantity  of  water  required  in  each  period  of  T  seconds ;  so 
that  the  uniform  rato  of  &ow  Irom  the  source  iuto  the  store 
cylinder  should  be 

Qi  =  "^^ ..............(18.) 

ffiTittg  for  the  uniform  power  of  ^e  fall,  in  fbot-poDnds  par  second. 
The  capacity  abtolutdif  neceasari/  for  the  store  cylinder  ii 

s,A,  =  £QT,-Q2-  Ti (19.) 

(*}  iMiing  its  length  of  stroke) ;  but  it  is  in  general  advisable  to 
nukkfl 

«,Aj  =  2QT, (19  A.) 

In  the  preceding  description,  the  chain  tackle  is  supposed  to  be 
so  aminp^d  that  the  Telocity  of  the  hoist  cylinder  piston  is  one- 
half  uf  that  of  tho  cagcj  but  any  required  velocity-ratio  can  be 
given  hy  suitably  arranged  fixed  and  moving  pulleys.  This  com- 
bination in  mechanism  of  L-hain-and-jmllL-y  tackle,  with  hydraulic 
oonnectinn,  watt  tirxt  introduced  I13'  Sir  William  Armstrong,  who 
has  applied  it  not  only  to  hoists  but  to  cranes  and  various  other 
niachiue«.  (See  Trans.  oft/t£  Jnst.  0/  AfecAanical  Enaineen,  Aug- 
1828.) 

SEcnoN  5. — QfS^f-Aciing  Water  Pressure  Entjinea. 

131.  Oeacrai  D«*«rirUoB. — When  a  "water  pressure  engine"  is 
spoken  of  without  qualilication,  it  is  generally  a  sell'uctiug  water 
nuBBure  engine  that  is  meant;  that  is,  an  engine  which  diflers 
from  a  mere  press,  hoist,  or  crane,  in  having  ditirilmting  vaives  for 
r^ulating  the  supply  and  discharge  of  the  water,  which  are  moved, 
directly  or  indirectly,  by  the  engine  itj«elf;  so  that  it  is  a  maidiini 
having  a  periodical  motion,  which  motion  having  onc<*  been  made 
to  commence,  goes  on  of  itself  until  it  is  stopped,  either  by  ahnttlng 
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Anttie  nlva  and  bo  stopping  the  sapply  of  water,  or  by  dis- 
""'"':  or  otherwiae  iitopping  Uiv  valve  motion. 

ibnting  va.lvf»  are  in  genenU  of  tbo  pitton  valve  kind 
121),  and  worked  by  a  amall  aoxiliaij  ^uter  prosBure 

id  as  the  friction  of  water  in  passages  varioA  aa  llio  square 

locity,  and  the  work  jx-rfonut-d  iu  ovorcoiiiing  it  aa  the 

'Ihi-  velocity  (other  things  being  equal), — and  inaamuch  aa 

I  relodty  for  a  given  flow  of  water  varies  invci-scly  aa  the  area  of 

■: — it  13  fiivDurable  to  the  efficiency  of  a  water  pressure 

lich  is  to  perfumi  useful  work  at  a  given  nite,  that  its 

should  be  made  as  largo  and  its  niovi-ment  as  slow 

ooBBBtcajt  with  dae  economy  of  first  cost  in  each  particular 

'  ia  also  fitrourablo  to  efficiency  that  the  stroke  of  the  piston 

be  long,  for  tbo  reveraal  of  ita  motion  is  ecldom  uniiccom* 

bj  shock;  and  at  each  such  revemal  tlie  position  of  the 

MS  to  be  ^tered;  both  of  which  cause  loos  of  work. 

moat  advantageous  use,  therefore,  to  which  a  water  preesnrc 

can  be  applied  iu  the  pumping  of  water,  to  which  slow 

and  a  long  stroke  are  well  adapted,   becanse   they  are 

ible  to  efficiency,  not  only  in  the  engine  but  in  the  pump 

it  wnrk.1. 

iiev<erthclc»s,  in  utuations  where  a  large  supply  of  water  at  a 
pressure  can  easily  and  cheaply  be  obtained,  water  pressure 
have  been  used  with  advantage  where  considerable  speed 
ite,  as  in  driving  rotating  machinery.     Various  ennnes 
kind  have  been  designed  and  executed  by  Sir  WiUiam 
>ng. 

whole  of  the  mathematical  principles  which  apply  to  water 
engines  have  been  explained  in  the  preceding  sections  of 

^xoniltanl  efficiency,  as  aacertained  by  practical  experience, 

by  different  authorities  at  Talnes  ranging  from  0*66  to 

nie  Taiiatious  probably  arise  chioflly  from  diSereuces  in  the 

of  the  passages  travereed  by  the  water,  and  perhaps  also 

extent  from  errors  in  the  mode  of  calculatiug  the  quantity 

used, 

estimating   the  probable  efficiency  of  any  propose)!  water 

■o  engine,  the  lowest  value  ^if  tlie  efficif-ncy,  viz.,  0'6C,  ia  of 

the  safest  to  assume  as  a  rough  eytimatc ;  but  a  closer 

__inutlon  may  be  obtained  by  making  a  calculation  acoording 

i  the  method  already  exemplitied  in  dutuU  in  Articles  128  and 

ihat  ia,  commencing  with  the  re«i»itanee  of  the  ujfeful  work 

relocify  of  the  jiiston,  and  computing  in  their  order  oU  *>>- 


t 
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diflerent  prejudicial  regiatanoes  to  be  overcome,  oud  Uio  quAitli 
of  work  to  l)u  perfomied  in  overcoming  thorn, 

132.      ttBcle    Acilii«     WalH-     frvMar*    Knclae.  —  The     eXMI 

chodK^n  to  illustrate  tliU  kind  of  wattr  pressure  engine  is  a  n 

K imping    engine,  deigned   by  M.  Junker,  as   described   by 


snrau  Acnsa  water  pmssitrk  ENcnrE. 
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D 


41  is  a  Tertical  aectran  of  the  rftlre  ports  and  puaagea 
the  tAtetion,  or  ducharge  of  water  from  lUc  cyliiiJcr.  BaUi 
nre  IvMered  oUka 

ft  the  mam  pittton,  wliicfa  lifia  tlie 

>  plmigtf  jrod  fay  mcniu  of  a  rod  tm- 

the  bottom  of  the  main  cylinder 

I  t2H>  sopply  pipe,  and  IT  its  throttle 

is  thti  valve  pOTt,  consisting  of  a  pipe 

_  tfa«  bottom  of  the  cyUii<ler  with 

I  MP'iWr  pMBBgo  KnToiinding  the  valve 

I  already  deacribtKl   in  Article 

is  die  piston  valva 

the  tliBcharge  pipe,  and  V  its  throttle 

Wboa  £  is  bdow  X>,  m  in  &g.  40,  D 
«nunnnicntes  with  C,  and  water  ia  ad- 
■iitftl  iuto  the  cylinder  to  miae  the  main 
■When  E  is  above  D,  as  in  6g. 
communicates  with  Cr,  and  the  wati^r 

^ndiArsvd  from  the  cylinder  during'  tli<' 
Aaaoik  nf  the  main  piston.  The  piston 
Talve  K  i»  uotchcxl  at  tliu  edgve,  iu  the- 
— ■"*^  aLown  in  the  tigure,  in  oitif  r  that 
dw  opaung  and  dosiug  of  the  port  nm; 
likv  place  by  degrees — the  water  flow 
ag  partially  through  the  notches  i<  - 
ft  abort  time  heforo  and  after  the  edg> 
*/  th^  piston  arrirea  at  the  edge  of  the 
ynrta. 

The  valve  cylinder  consists  of  two  parts  of  unequal  diameter, 
the  upper  being  tho  larger.  Iu  thu  lower,  or  smaller  mrt,  the 
figUm  valve  £  worka  In  tho  upper,  or  larger  jioirt,  wholly  above 
ike  mnply  pipet  works  the  counter-pittort  F ;  this  being  larger  than 
1^  aiul  fixetl  to  tlie  mme  rrnl,  the  pressure  of  the  water  between  E 
■Dd  P  tcudu  to  raise  them  both.  The  upper  side  of  F  is  pnn-idcd,  if 
MOMHiy,  with  a  rod,  or  a  '*  fruTtA"  (that  is,  a  hollow  jiiKton  rod), 
BMU^  through  a  stuffing  box  in  the  top  of  the  valve  cylinder. 
UM  use  of  this  is  to  dimiuisb  the  effective  area  of  the  uppisr  side 
F,  BO  that  it  shall  not  be  more  than  is  requisite  to  enable 
imwuni  of  the  water,  when  admitted  through  the  port  I  into 
Hwe  above  F,  to  overcome  the  friction  of  the  piston  valve  and 
iigethtr  with  tlio  excess  of  the  pr&tsui'e  ou  thfi  * 


rig.41. 
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Bide  of  F  above  the  effective  pressure  on  R  The  aeotiooal  arc*  of 
this  ro«l  or  tnink,  therefore,  i^ould  he  about  as  mnch  leas  than  tbo 
area  of  £  ua  the  area  of  £  is  less  than  the  whole  ar«L  of  F. 

H  is  the  aiipplv  pipe  and  M  the  discharge  pipe  of  the  part  of  the 
valve  cylinder  above  the  counter- piston,  whidi,  with  ita  cvltuder, 
forms  an  auxiliary  engine  to  work  the  valve  of  the  principal 
engine.  K  h  the  ]iiHtou  valvo  of  this  auxiliary  engine,  wluch 
nutates  the  admission  and  diitcharge  of  the  water  tlirough  tbe 

rt  I,  exactly  aa  the  maiu  jiistou  vulve  K  rt^gnlates  the  admiagioa 

d  (lischargD   of  the   water   through   the  poi-t    D   of  tho 

iuiK'r.  L  is  a  plunger  of  the  name,  size  witii  K,  and  fixtnl  to 
sume  rod,  in  order  tliat  the  pressure  of  the  wiitur  in  the  apace 
between  K  and  J<  mar  not  tend  to  move  tho  pi^m  \'alvo  K  either 
upwards  or  downwurua. 

The  auxiliniy  valve  rod  to  which  K  and  L  are  fixed  is  oonneoted 
by  means  of  a  train  of  levcis  and  lliikwork  marked  O  Q  B  S  T, 
with  a  lever  carrying  on  its  end  a  " cntlch"  V.  N  is  a  vertical 
"  tappet  rodf"  carried  by  the  main  piston  A,  from  which  project  tbe 
tamtetfi  X  and  Y  for  moving  the  crutch  P. 

The  engine  works  in  the  following  manner : — 

Suppose,  as  in  fig.  41,  that  the  main  piston  valve  E  is  raised,  the 
water  escaping  by  the  route  D  G  firwn  the  main  cylinder,  and 
the  main  piston  falling.  When  the  main  piFton  approaches  tho 
bottom  of  it«  stroke,  the  upper  tappet  Y  strikes  the  lower  hook  of 
tho  cnitch.  Pj  and  depreescs  it,  together  with  the  auxiliaiy  pkton 
valve  K. 

This  admita  water  &om  the  main  Ru|>p1y  pipe  C,  by  the  route 
HI,  to  Uio  annular  npaoo  above  the  couuter-piston  F,  so  as  to 
depress  it,  together  witii  tho  main  pistou  vulvu  E,  iutu  the  positooa 
shown  in  fig.  40.  Then  the  watt^  from  tho  main  supply  pipe 
passes  through  D  into  the  main  cylinder  6B,  and  lifts  the  main 
piston  A.  When  the  main  piston  ai']irt>uchet<  the  top  of  its  stroke,  the 
lower  tappet  X  striken  the  upper  hook  of  the  crutch  P,  and  Faxaee 
it,  together  with  the  auxiliary  piston  \-alve  KL  ^i 

This  allows  the  wuter  to  bo  discbai-ged  from  the  a"n'<ler  ^^^| 
above  itie  counter- pi.<tton  F,  by  the  route  I  M ;  so  that  tho  proiS9V 
of  the  water  between  F  and  the  mjun  piston  valve  £  upon  the 
excess  of  the  area  of  F  above  that  of  £,  rautes  F  and  E  together 
back  to  the  position  shown  in  fig.  41,  cuts  otF  the  supply  of  water 
to  the  luoiu  cylindci%  and  opens  the  passage  for  the  discharge  of 
water  from  the  main  cylinder  through  D  into  G.  Tho  main  piston 
then  descends,  thus  completuig  a  doublu  stroke,  and  the  entiro 
cycle  of  operations  recommoMices.  I'he  i)rocp.<iH  may  be  summed  ap 
by  saying,  that  of  the  two  engines,  the  main  and  the  auxiliary, 
each  works  the  Talve  of  Ute  other. 
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tfivqiH&ey  of  the  strokw  of  the  engine  depcudit  on  t)ie  owed' 
rtkil  tb«  \liJve  mt^-bauisiu  works  ;  uiid  this  can  he  coutrvUed 
IM  of  pBgiilftting  cxicks  ou  H  and  M,  tbe  sui>i.|y  and  diB- 

jBjif*  of  tliit  auxiliary  engine 

A  p— fcUi  a^umk  WMn  i*iTWHn  KMc^att  hos  a  main 
l^Tbow  dods  are  both  cloaed,  the  main  piston  rod  posaing 
9oA  a  staffing  box  iu  one  of  them,  and  each  end  being  pro- 
ritu  m  port  Wa  D  in  figs.  40  and  41,  communiciaiug  with 
R  (ylinder,  both  of  whode  cnda  oouunumcate  with  the  dis- 
pipe.  The  supply  pipe  entera  tho  ralve  cylinder  at  tho 
of  its  length.  Ou  one  rod  are  cauried  a  pair  of  equal  and 
pinton  vaJvcSy  one  for  each  port,  which  rise  and  tail  to- 

tbo  distance  between  them  is  no  adjusted,  that  when  they 
ed,  and  the  uppc-r  jiiston  \*alve  leaves  the  upper  port  in 
tieation  with  the  supply  pipe^  the  luwor  piston  valve  at  the 
Be  leavea  the  lowvr  port  in  oommunicatioD  with  the  dis- 
dpe  through  the  lower  end  of  tbe  Milve  cylinder — and  tliat 
Kjy  are  depnsaed,  and  the  lower  piston  valve  leaves  the 
nrt  in  communication  with  the  supply  pi]>e,  the  upper  pis- 
re  at  the  same  time  leaves  the  upper  pore  in  oomniunicaUon 
ta   diaofaarge  pipe  through   tbe   upper  end   of  the  valve 

■H^  oistou  rod  may  bo  moved  either  directly  by  tappets, 
^1^  by  a  small  auxiliary  engine. 

nMwilrv  Wnirr  rwvmmn  BaslaeB. — In  thlS  cIbss  of  en^ne, 

ndeiB  are  eitht^r  donl'Ic;  or  single  acting,  and  tho  piston 
f  meaua  of  connecting  rods  and  cranks,  drive  a  shaft, 
to  diminish  as  much  as  pn<wible  tito  vai-iations  of  thu 
>n  the  crank  shaft,  it  U  ustiul  to  have  two,  throe,  or 
inder?  acting  m  sucoCNiion;  but  a  atnglc  cylindor  would 
if  tbe  fly  wheel  were  madu  of  sulBciout  iiwrtia. 

ti  tbe  dy  wheel  for  a  rotative  water  preesnre  engine 
datermined  by  tbe  aame  rule  aa  for  a  non-expauaivc  vleam 
Articles  52,  53.) 
<ency  of  tbe  strokea  is  greater  iu  thia  than  iu  other 
asure  engines;  and  therefore,  to  avoid  great  re- 
ly and  discharge  pipes,  and  the  valve  ports,  must 
red  with  the  piston  titan  in  other  water  preasuro 
Tho  best  nile  is  to  make,  if  practicable,  every  jxuisage  of 
anra,  that  tho  velocity  of  Uie  water  in  it  shall  not  exceed 
am  Telocity  of  the  pistons.  The  best  valves  appear  to  be 
(irton  valves.  Engines  of  this  kind  aro  very  useful  and 
t  for  driving  small  machinea  in  towns  where  thora  is  a 
eajAply  of  water  at  a  high  prossnrej  and  ako  in  uuiies, 
'engines  mi»ht  be  inconvtmivai  or  uuj^afe.     In  Uiq 
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Utter  Bituation  they  may  be  driven  by  a  portion  of  the  water 
which  is  pumped  up  by  the  draining  engine  of  the  mine. 

The  most  aucccsaful  tn  practice  of  rotative  water  prefflore  en* 
ginca  are  those  of  Sir  Willmm  Armstrong,  as  to  which,  and  ai 
to  hydraulic  cnmcs  and  boi^rts,  detailed  infoiTuatiou  may  be  foniul 
in  the  Tratuaotioiw  of  tfte  /nstiiuiwn  of  AfecfiamaU  Jiitffineen 
August,  1858.  Tbctr  efficiency  a  roughly  estimated  at  from  -Gi 
to -77. 

134  A.  R*iter  ciscka  fonn  an  important  part  of  the  engincB  q 
Sir  William  Armcitrong.  Tbuir  obji^ct  in  to  prevent  the  iihock 
which  would  otherwine  occur  within  the  cylinder  on  the  cloaii^  a 
the  port,  and  cnnA(>quent  siiddf^n  stopping  of  the  mnUon  of  the 
water.  A  set  of  relief  clacks  for  a  single  acting  cylinder  conaiati 
of  two,  one  opening  npwards,  in  a  passage  leading  froiD 
cylinder  port  into  the  supply  pipe,  and  the  ouier  opening  u 
in  a  paflAftge  leading  from  the  ducharee  pipe  into  the  cylinder 
The  effect  is,  tliat  the  pressure  in  the  cylinder  cannot  rise 
that  in  the  mipply  pipe,  nor  fall  helow  that  in  the  exhaust  pipe- 

For  a  double  acting  cylinder,  four  claclu  are  required,  two 
each  port. 

Supplmmt  to  Part  II.,  Chapter  I V.,  SecHon  3. 

134  B.  CsmpoaMd  ciarka  for  large  pumps  are  now  much 
which  the  general  form  of  the  compound  seat  is  like  a  cone  wiU 
its  vertex  upwards,  and  an  inclination  of  from  45°  to  75^ ;  but  the 
sidea  do  not  alope,  being  formed  into  a  gcrics  of  Sat  circular  stepa 
Kach  of  those  Hat  rtciis  is  pierced  wth  a  ring  of  oj>enings,  ud 
forms  the  scat  of  a  clacuc  or  set  of  clacks,  prevented  from  rl'Ung  toft 
high  by  a  projecting  or  overhanging  i»ortion  of  the  sti-p  next  abow. 
When  there  is  a  single  clack  to  each  step,  it  is  a  ring  of  metal 
India  rubber;  when  a  set  of  clacks,  they  are  leather  da|iH  or  indil 
rubber  luiUa  {See  a  paper  by  Mr,  John  Hosking,  Trans,  fait  ^ 
Mtch.  Emjinecrs,  Augu»t,  18^3.) 


Section  6. — Of  Water  Pr«$«uro  Engines  wU/t  A  ir  Pistons. 
135.  The  iiHMgBriaB  DiachbMi  is  the  name  given  to  an 


first  used  for  pumping  mines  at  Schemnitz,  in  Uungaiy,  in 
the  duty  of  a  piston  is  performed  by  a  mass  of  confined  air,  tnuM 
mitting  pressure  and  motion  from  a  strtiun  of  water  whuMi  fal 
constitutes  the  source  of  power,  to  another  mass  of  water,  w" 
elevation  to  a  pven  height  is  llie  useful  work  to  be  {lerftimw 
Ita  principle  is  identical  with  that  of  a  piece  of  apparatus  koaw 
w  "Hero's  Fountain,"  6rom  having  been  dcscrilxxl  iu  the  i*Mri 


Binra&iUAH  KAcmxE.  14ff 

of  Horo  of  Alexandria,  a  philosopher  who  flourished  In  tlie 
^  eentnry  b.  c. 

tflov  of  the  fidl  muBt  ex- 
qiuuititT  of  water  to  be 
in  A  given  Ume,  aud  the 
must  exceed  the  height  to 
__b  that  wBter  is  to  be  raised, 
froportions  whose   appnud- 
'    nlan  will  aflerwarda  be 
_  oqI. 

principal    ports    of   the 

le  are  indicated  in  tig.  43. 

_,  a  tank  or  well  at  the  bot- 

I  of  a  shaft,  for  ooll»:tiDg  the 

to  be  raised. 

KD    air-tight    receiver,   of 
it  strength  to  rwiat  the 

I    intenial   pressure   that 

I  in  the  appHTfttiw,  wholly  im* 

sd  in  tlie  water  of  the  well 

mar   *x*  calloil    the   f)ump 

'.     The  bottom  of  the  re- 

_■  mu^  not  touch  the  bottom 

|tlw  well,  for  there  muut  be 

I  yTfnngh  bciwccu  to  admit 

«BB  of  the  water  of  the 

.Id 

J,  %  clack  opening  inwards,  iu 
rbattnm  of  the  reoei\-er  B. 
[D,  »  deliveiT  pipe,  riaiag  from 
p  the  bottom  of  B  to  thu  drain 
,lbe  top  of  the  shaft  which 
M  away  the  water  reised. 
I  destruble,  Uiough  not  ab»o- 
oeeeMary,  to  have  at  the 
of  D  a  clack  opning  up- 

\%,  «n  »ir-tight  reeeiver,  at 
■a  strong  as  B,  which  cor- 
jitb    to  the   cylinder  of  a 

rXS"  Srv"^^;f  n^ir  the  top  of  the  ..ail  wlnd>  is 
.  JLKr  dischail'tDg  the  watar  of  the  dnving  «min«  after  it 
JITiU  woT  ^h^may  be  called  ^e  «-rA-u^  *"r?^thti.e 
tWC  airM>^.  connecting  the  top  of  the  pump  barrel  B  with  the^ 
top  of  the  Wdrkiltf  barrel  E 


-^ 


ns.42. 
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6,  the  waaie  air  eack^  at  the  top  of  K 

Hf  the  discharge  valve,  at  the  bottom  of  £,  for  discharging  the 
vat«r  which  has  ptrfoniiecl  its  work  in  the  working  barrel 

I,  &  reservoir,  at  the  top  of  tbe  fall. 

K,  the  supply  pipe,  connecting  that  resen'oir  with  the  bottom  of 
the  working  baiTel  E. 

L,  the  admimoii  valve,  near  the  bottom  of  the  supply  pipe. 

The  valves  H  and  L  may  be  opened  and  shut  by  tloatd  in  the 
working  barrel,  or  by  a  small  auxiliary  water  pressure  engine,  or 
by  a  small  wheel  driven  by  the  water  dischai-ged.  The  skt^tch 
snows  thum  as  spiudlo  valves ;  but  a  unglo  piston  valve  might  be 
made  to  do  tbe  duty  of  both. 

The  machine  is  net  to  work  by  opening  the  air  wairte  cock  G,  L 
at  the  same  time  being  ahut  The  water  frgm  tbt;  well  A  opens 
the  clock  C,  enters  and  tillB  the  working  barrel  B,  and  drirei 
out  the  air  through  0,  bo  that  E  and  F  only  rumain  tilled  with 
air.  Then  G  ia  shut,  and  remains  fihnt  white  the  toachine  ia 
working ;  H  ia  shut  and  L  opened,  and  tbe  working  proceeds  as 
follows: — 

The  driving  water  from  I  descends  through  E  and  L  into  ^ 
and  compresws  the  air  contained  in  K  and  P.  The  pressure  so 
exerted  on  that  air  ia  transmitted  to  tlie  water  in  B,  and  causes  it 
to  rise  in  the  dylivt-ry  ijij)*  D.  When  the  prvasure  has  beoonw 
equal  to  that  of  the  colionn  of  water  in  D  added  to  its  reaiataaoe, 
tbe  lifted  wat«r  iiisues  from  D  into  the  drain,  and  continues  to  do 
so  until  K  la  filled  with  water.  Then  by  the  valve  gearing,  L  ia 
shut  and  H  opened;  and  the  waU-r  in  £  is  made  to  fluw  out, 
partly  by  its  own  weight,  and  partly  by  the  pressiure  of  the  expand- 
ing air.  As  soon  as  the  air  has  fallen  to  ite  urigiual  pressure^  more 
water  from  the  well  Aowb  through  0  into  U,  anii  drives  all  the  air 
back  into  F  and  E.  Then  H  is  shut  and  L  opened,  and  the  cycle 
of  operations  ivcummencciii. 

In  the  following  inveHtigation  of  the  eSioiency  of  this  engine,  the 
fluctuations  of  level  of  the  wuter  in  the  pumping  and  working 
barrels,  \i  and  K,  are  neglecrtod  in  compariiion  with  the  height  ^ 
lift,  and  the  head  of  fall 

Let  A^  denote  the  head  of  water  which  is  equivalent  to  tm» 
atmoflpbere,  or  ^3'1>  feet  on  an  average. 

Let  L  be  the  height  of  the  outlet  of  the  delivery  pipe  D  abon 
the  surtace  of  the  water  in  A ;  D,  the  weight  of  a  cubic  foot  flf 
water,  or  G2'4  Iba. ;  Qy  the  numWr  of  cubic  feet  per  second  to  h« 
ralBod:  tlien 

DQA (1.) 

is  the  usefii]  work  per  second 

Let  Aj  1)«  th«)  heat!  lost  by  Uie  resistance  in  tbe  pipe  X>,  am- 
puted  b^  the  jirluciplea  of  Article  99;  then 


V 


*^  +  A,  +  Ar (2.) 

the  head  of  wat«r  eqaivalent  U>  the  pressoro  to  yrh^h  the  wr 
must  be  compreawd  in  £,  F,  and  B,  beforo  the  wat«r  will  isgue  6om 
the  outlet  of  D.  That  pressure,  iu  atmospberca,  may  be  expreawd 
thna — 


«  =  l+^i  +  i:. 


..(i) 


4 


and  tht  working  prearare  which  the  barrels  and  air  pipe  nnut  be 
adapted  to  bear  is  n  —  1  atmo^herea. 

'Hie  Tolome  of  air  whidi  must  pan  per  second  from  K  into  B, 
while  the  wat^r  is  being  forced  out  of  B,  ia  Qj  cubic  feet  at  the 
jaesBure  of  n  atmoepherea. 

When  air  is  compresBod  or  dilated  so  suddenly  that  it  has  not 
time  to  low)  or  gain  beat  by  coramiinifation  with  adjoining  bodies^ 
iu  dcasiLy  varies  mut'li  mote  sluwly  tliau  ite  preasore;  bnt  when 
there  is  time  for  all  the  hvtit  produced  by  compression  to  be  con- 
ducted away,  and  for  all  the  heut  which  dlsappeara  during  expau- 
aoD  to  be  replaced  from  neighhonring  bodies,  the  dcm^ty  varies 
nearly  as  the  pressure  simply.  It  is  probable  that  the  Utter 
ition  is  very  near  the  tnitb  in  the  present  case,  especially  as 
is  charged  with  moi^ure,  which  fiidlitBtea  the  oommunica- 
'Hut  of  beat. 

Therefore,  as  the  original  pressure  of  the  air,  before  being  com-' 
reawd  by  the  dcsoeut  of  the  water  from  I  into  £,  is  one  atmo- 
the  volume  of  the  mass  of  air  which  descends  per  second, 
original  presniire,  is 


the 


Q  =  »Qi (M 


Let 


this  also  is  the  volume  of  water  which  must  desosnd  from  tha : 
|»er  second,  in  order  to  perform  the  work. 
B  and  K  be  taken  respectively  to  represent  the  capacities  of' 
portioua  of  the  pump  barrel  and  working  barrel  which  aro 
\j  tilled  and  emptied  of  wat^^r  at  each  stroke,  and  let  P 
the  capacity  of  the  air  pipe ;  then  we  must  evidently  have 


E  +  F 
B  +  F 


.(5.) 


_  b>  the  loss  of  head  by  the  n«i«tauce  of  the  supply  pipe, 
I  A.     Then  the  httal  head  rer^uirc-d  for  the  fall  ia 


H  =  A,  +  6,+  AsJ... 
BO  that  the  Mai  energy  expmdedper  teccnd  ia 


.(ft) 
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and  oomparing  this  with  the  naeful  work  in  formula  1.  i%  appeal* 
that  the  efficjencjr  of  the  engino  is 

Qi*i  K Kh. 

QH'"«(A,  +  A,  +  A3)-(A.  +  Aj  +  A^-(A,  +  A,  +  A3)- 


I>Qi  (*,  +  *,  +  *>)  J (7-) 


,...{a) 


The  dimiDntion  of  efBcieacj  reprcsentAd  by  the  &ctor  —  in  the 

ahoTp   expression,  and   oonespondiDg  to  a   Iosb  of  head  to  tlie 
amount  of 


o-^H. 


arisea  &om  the  loas  of  the  energy  exerted  in  compreeaing  the  air, 
and  in  agitating  the  water  in  K  and  R  during  the  time  of  that 
compression,  when  the  head  is  more  than  suHicic-ut  to  produoo  the 
entianoe  of  the  water  with  the  proper  velocity. 

The  enei^  exerted  in  compi-essiiig  the  uir  in  reHtotfd  daring  tin 
expansion  ;  bnt  heing  wholly  employed  in  forcing  the  water  out  of 
tho  discharge  valve  U,  it  is  lost  in  the  end. 

Tho  cbiei*  recommendation  of  tho  Hungarian  machine  app<4rs  to 
be  its  simiilicity. 

ISO.  Am  Air  t«m«i  ia  a  Biifliciently  etrong  air-tight  receiver, 
generally  cylindrical,  with  a  h<!niis|)hmcal  top,  the  upper  part  of 
which  ountdiiiA  ttomu  imprisouud  air,  while  the  lower  part  contaiux 
water,  and  cooununicatea  with  the  cylinder  or  the  aup]>ly  pii>e  of 
a  water  prcosure  engine,  or  any  other  vcktcI  or  pa^ssogc  in  which 
ohangra  nf  the  velocity  of  a  niaas  of  water  occur.  The  oompmai- 
bility  and  expansibility  of  the  air,  admitting  of  the  alternate  flov 
<tf  a  portion  of  water  into  and  out  of  the  air  vessel,  extable  such 
chasgea  of  voloci^  to  be  made  by  degrees.  Rotative  water  enginea 
were  formeriy  made  with  an  air  vessel  in  connection  with  onch  end 
of  the  cylinder;  but  relief  valves  (Article  134  a)  are  now  oonaidered 
preferable. 

Suffthnunt  to  PaH  //.,  Chapter  I.,  ArticU  94. 

136  A.  WaMv  acwn  arc  instruments  for  measuring  and  record* 
ing  tho  flow  of  water  thn>ug)i  pipes.  Detailed  dcacrtptions  of 
several  kinds  may  be  found  in  the  Tranaactimu  of  the  InHitutian  qf 
AfecAanical  Engineer*  for  \^<a. 

Tho  meters  now  in  ordiniuy  use  may  be  divided  into  two  olasan: 
piiton  fitetert  and  voh/ed  meter*. 


Afl  fta  exanple  of  m 
whkJi  is  *  snaU 
^B  flov  of  watar  to  W : 
prtoa  »rten,  tb^  tW 
BHde  by  the  piat<)«  leads 
meter  is  sd  oonatracted  t^A,  hf 

» tnin  of  vbedrodc,  vilk  4U 
An  enunple  of  ■  wWal  flMA 

iwolstMBS  An  nooBQCn  fef  a  ^bib  fli  vbmb^vx,  vils  i 
ukd  tniikac&. 

Another  czaantte  «f] 
ft  aaall  yira  iMrtmacr  i 
tba  iodeces  rf  dill  pbtaa. 

All  tlicwe  time 
cas  be  pUoed  in  t^  eaansftfa 

The  ordiEuu7  envn  of  a 
ccoL  ^  in  extimiff  ona  <■ 
nn J  oocar  of  2|  per  «eai. 

Tike  Taloe  of  tke  revslaliaHa  «r  < 
luaiMl  exptziiDeatelljrf  t^  Safiag  tfcs  naaftv  «f . 
duhngtliie  fiUiagof  a  tek  of  kaovB  c^ttd^. 


QBA^«6At>s2-«7»Al; 4I) 


M  i^L  tbi 


K  ia  iMk,  at  «y«k  the 
thof  ihm  ciw^ct  tk»wmr 
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Q  biuBg  the  greatest  flow  in  cubic  feet  per  second,  and  b  the  fanwlUi 
in  fe«t  of  the  outlet  ovor  iba  -wtar  crest 

XL  Wtir  Ifrowned. — A  weir  is  said  to  be  "  drowned"  when  the 
vftter  in  the  channel  below  it  is  higher  than  its  cntst  Let  A,  K, 
W  the  hei^ta  of  the  water  above  the  weir  crest,  iu  the  pond  and 
in  the  waste  channel  respectivelj;  then  the  flow  per  Beoood  ii 

Q  =  lchy/  {sff(A-*)}.  (a  +  I) (4.) 

vlioa  Q  and  A'  arc  given,  the  exact  Hetennination  of  A  reqoirei  the 
nliition  of  a  cubic  equation,  bat  the  following  approximate  solatum. 
u  in  gcaetal  sufficient : — 

Fini  appmrifpudumy       A,  =A*+ A  /  J^ «...(3.) 

Tom  aJwayg  gives  loo  gnat  a  reeolt 

Seamd  ajtpnxcimation.    An  amended  valne  Aj  of  A^  is  gifen  b^ 
tkcfermuhi. 


^-^-'^'O-i-A^A')- 


.(ft) 


CloMF  Ritprc'xitimtiouK  may  be  obtained  by  rejreatinK  the  proceoL 

13&  Rackwaicr  is  tbc  tfffcct  produced  by  the  cJevatitm  of  the 
eater  level  in  the  pond  close  behind  Uie  web*,  upon  the  ■urfiu:e  of 
I  stream  at  places  still  ft&rther  up  ite  channel. 
7ara  channel  of  unlfumi  breadth  and  decli%'ity,  the  following  is 
'^iproximate  method  of  determining  the  fignru  which  a  given 
Ttttion  of  the  water  close  behind  a  weir  will  cauae  the  sur^ice  of 
stream  &rther  up  to  assume. 
Let  t  denote  the  rate  of  inclination  of  the  bottom  of  the  stream, 
which  is  ol^o  the  rate  of  inclination  of  its  sur&oo  before  being 
altered  by  the  m-eir. 

Lcrt  i^  be  the  natuml  depth  of  the  stream,  before  the  erection  of 
the  weir. 

Lot  3|  be  the  detith  as  altered,  close  behind  the  weir. 
Let  ^  be  any  other  depth  in  the  altered  part  of  the  stream. 
It  is  required  to  find  x,  thu  di.<ttanc«  from  tlie  weir  in  a  direction 
stream  at  which  the  altered  depth  2,  will  bo  found. 
ate  the  tutio  in  which  the  depth  is  altered  at  any  point  by 

Z 
let  (  denote  the  following  function  of  that  ratio  >^ 


ua 
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L    1  *      2r+l 


(1) 


A  oonTcoieDt  approximAte  formala  for  oomputmg  tpisBs  follows  :■ — 

(2.) 


Oompnifi  the  valuee,  9^  uid  <>j,  of  this  fhnctioD,  ootTesponding  m 
the  ratios 

Then 

«  =  ^^  +  Q  -  264)  .  (f,  -  *,)  K (3.7 


The  following  table  gives  some  Talues  of  9 : — 


r 

I'D 
1*1 
1*3 

1-4 

17 


•680 
•480 
■376 
■304 
•255 
•aiS 
•189 


r 

1-8 
1-9 

J.J 

3-4 
a  6 

2-8 
3-0 


9 
•i«8 
•147 
•133 
•loT 
■089 
■076 
•065 
1056 


The  fiist  term  in  the  right  hand  side  of  the  formula  3  13  obviously 
the  diatanca  back  from  the  weir  at  which  the  depth  K  would  be 
found  if  the  surfiwx;  of  the  water  were  level  The  second  term  is 
the  additional  distance  arimng  from  the  decli\-ity  of  that  gnrfoce 
towards  the  weir.  The  coiiatjuit  3C1  is  an  approxiiuatiou  to  3  ^/, 
/"being  tho  co-efficiont  of  friction.  For  a  natural  declivity  of  1  in 
264,  tna  second  Unrm  vaniBhca.  For  a  atecjxir  declivity,  it  bccoini* 
negative,  indicating  that  the  snrface  of  the  water  rises  towarda  tbfl 
weir;  but  although  that  rise  really  takes  place  in  sud  casM,  the 
agreement  of  its  true  amount  with  "that  given  by  tlie  formula  is 
aomewhat  uncertain,  inasmuch  as  the  formula  involves  asmtmptiona 
which  aro  Ivas  exact  for  steep  than  for  modemte  natuitil  declivitiea 
It  is  best,  theroforo,  in  cases  of  natural  declivities  stepper  than  1 
JA  S64,  to  compute  the  extent  of  backwater  simply  from  the  fint 
t/am  of  the  formuhi. 


WASTE  BLncEft— ii£jLD  MJuCK — auncEa. 

139.  WaMT  Malm  in  a  wall  fonning  nut  ai  th«  weir  are  used  to 
enable  the  surpltu  water  of  floock  to  be  dinfaarged  with  a  lover 
«le**tioD  of  the  surface  of  the  pond,  and  a  lev  extent  of  backwater, 
than  woold  be  ptscticaLla  if  all  ihe  mrplus  flow  had  to  pan  orer 
thtt  WMT-creBt. 

A  Mif-aetimff  wads  almiet  inrented 
b;  a  Frenofa  enpneer,  IL  Cbaabari, 
is  abown  in  fig.  43,  irtuch  is  a  rer^ 
tkal  eection.  It  has  been  found  to 
auwer  well  when  it  is  reqnired  to 
**■**■*■*"  the  Bnr&ce  of  the  water  in  a 
pood  or  caua]  verj  accuiately  at  a 
catkin  lereL 

A  B  is  the  sluice  or  valre  plate,  re- 
pRMUted  SB  shut,  tta  npper  edge  A 
being  ut  the  projier  water  leroL 

The  iloice  is  supported  by  a  pair  of       "  "' ''    '   " '  "" 
cut  iraa  wctoni,  resting  on  horizontal  ^  *^ 

fUMUonoB.  E  in  one  of  those  secton  ;  F  O  its  pbtform.  The  etke 
fif  each  sector  lias  a  groove,  in  which  lies  a  cham,  fixed  at  P  to  the 
plufistm,  and  at  U  to  the  sector.  This  pair  of  chains  zwata  the 
Icadencj  of  the  water  to  press  the  sluice  forward. 

When  the  water  iJiAt  the  level  of  A,  the  renultant  of  its  piomue 

idi  at  a  depth  A  C  which  is  tmo-tAinU  of  the  whole  depth  AB 

of  the  sluice.     Throiwh  C  draw  O  D  perpcndicolar  to  A  B,  cutting 

the  ettUrc  line  o/t/ie  citain  F  H  in  D.     Tbcu  the  scctont  and  plat- 

taaojt  must  be  so  formed  and  placed,  tliat  when  the  slnice  is  shut, 

tke  poiDi  of  ooDtact  of  each  sector  with  its  platform  ahall  be 

Terticallj  below  D ;  and  then  the  combined  resistance  of  the  chains 

tad  platforms  will  be  directly  oppoaed  to  the  preaaaie  of  the  water, 

Uid  ynW  Imlanoe  it. 

^^"len  the  water  rises  above  A,  and  begins  to  overflow,  the 

of  proBBore  rises  above  C,  so  that  the  prcBSure  and  the 

are  no  longer  directly  opposed.     The  sluice  then  roll* 

apon  it«  sectors  into  a  new  position  of  eqnilibrinm,  and  in  so  doing, 

H.  nnt  only  depresses  the  edge  A,  so  as  to  make  the  overflow  more 

nptd,  but  maes  tlie  edge  B,  so  as  to  make  an  outlet  at  the  bottom 

of  the  passage  B  K,  thmuj;h  which  the  surplus  water  escapes  moch 

more  rapidly  than  it  could  d<j  by  merely  overflowing. 

140.  Hnui  Rmw  aad  fUnirr* — To  protect  the  couJuit,  which  is 
the  head  nce^  Irom  the  sorpluii  water  of  floods,  it  is  adviaahlo  that 
between  it  luid  the  natural  stream  there  should  be  a  wuU  or  an 
embankment  rimng  a  suffideot  height  (say  from  two  to  throe  feet) 
abovf  tilt.'  liighctft  lew]  of  floods;  and  auo  that  a  similar  wall  or 

should  extend  aatwB  the  upper  end  of  iVe  ooix^mSI^ 
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it  kaftves  the  pond.  In  the  Utter  atuation  a,  wall  is  the  m 
It  is  traversed  by  a  passage  for  admitting  water  from  titf 
faoi  to  the  conduit,  capable  of  being  closed  or  opt:aed  to  a  greattf 
<■  Swi  extent,  by  menns  of  one  or  more  tluices,  whicli  are  tdidi 
i«N«s  moving  vurtically  in  guides,  made  of  timbor  or  iron,  aul 
■*•»!  by  means  of  a  screw,  or  of  a  rack  and  pinion.  It  in  ailvit. 
Bot  to  make  sluices  brooder  than  about  four  or  five  feet.  If  • 
idth  of  opening  ia  required,  the  paasage  from  the  jwnd  intiOi 
■Boduit  should  be  dividtxl  by  walls  or  pien  into  a  su£ciant 
J  aaBhar  of  parallel  passages,  each  furmslied  with  a  sluice. 
I^^^ft*  toat  of  hold  at  a  aluice  is  to  be  found  by  the  principles  of 
^^Blk  99,  Division  V. 

^^^BW  channel  of  the  head  race  is  to  be  made  as  lai^ge  as  is  oocK 
^HBm  wiUi  proper  economy  in  fii-st  cost  Snppoaing  its  flow  Q  tn 
^FwttD  fiwt  per  becoud,  and  its  figure  and  dimendons,  to  be  (ixed 

V  bAnftknd,  the  declivity  which  it  requii-^s  is  to  beoompnted  bvths 
(iiwp»»  of  Article  99,  Division  VL,  equations  13,  15,  16,  17. 

Swpoeing  the  flow  Q,  and  the  rato  of  declivity  %  =  h  -^l  {h  being 
lla  aU),  to  be  given,  the  figui-e  and  bransverBe  dioienaiona  of  tbo 
^  ^tauM  an  to  be  fixed  in  the  following  manner  : — 
B      IW  /arm  of  Uaat  reai^ance  for  the  crosa-section  of  an   open 

V  ttoaMrl  of  a  given  area  A,  is  obviously  a  semicircle;  its  border  h 
■  ^«  shortest  which  can  enclose  the  given  area.     Its  hjfdrauUo 

ia  07i«-fial/ of  ii«  radius;  that  is,  r  being  its  radius,  and 
ttft""*"""  dcjkth  of  water  in  it,  and  m  the  hydraulic  mi 


"•=6=3 


^bmDe  has  shown,  that  if  it  is  necessarr  that  the 
^«tf  a  channel  should  be  bounded  by  straight  linesi,  the  fonn 
ice,  for  given  directions  of  those  Unea,  is  one  in 
{ ifc*  lUmight  lines  are  tangents  to  one  semicii^e,  having 
„  the  greatifit  depth  of  water  in  the  channel ;  and  in 
^IIh  Vytuanlic  mean  depth  ia  Htlll  one-half  of  the  radiua 
of  the  tteiiiictrcle,  as  in  equa- 
tion 1.     For  example,  let  it 
be  reqoirod  to  ilmw  tliR  best 
figure  for  a  channel  with  a 
fiat  bottom,  and  sides  of  a 
given  slope.      In  fig.  44,  let 
CAD  rtprcaent  the  surfooe 
of  tho  water,  and  A  Jl  =  r 
*  ■■i  '  \  B  describe  a  semicircle; 


of 


tb^ 


tliuinpl,  and  a  pair  of  taagents  EC,  F  D,  ak  Uw  gir^ 
iKtiMndML  The  borderts6  =  CEK0.aadtbeaRBA=Ar-r. 
In  mbh  channels,  the  length  of  cadi  of  tbe  •tapca^  Cl^  ?1&,» 
nm<il  to  the  half-breadth  C  A. 

if  tiie  obnnnel  ia  to  be  built  of  bndc,  itaacv  or  ooBcnti^  vitk 

cement  or  hydraulic  mortar,  either  tha  Kadflfae^hr  Cmh  ^a^  hn 

.T....I. :v..i     r  a  rectangular  funn  with  s  fiat  boHoK  aad  vartiBil 

adth  being  doable  of  the  dench;  or  a  jiii' li'iiiju% 

K^  '-'i'  a  flat  bottom  whose  breadUi  ii  eqol  to  half  the 

I  .it  the  surface  of  the  water,  and  a  pair  of  ilopea  "Hmrt 

U)  thr^  hnriznn.     The  K«nnd  and  third  ara  figurea  which  UI 

r  Mr.  Ncvilltr^H  rule;  and  the  third  ha«  the  lout  ii  liil oT 

fi(rDrt«  wfaotte  borders  oouut  of  a  botttm  and  two  defKK 
If  \he  diannel  b  to  be  made  of  clay  witli  rvhbte  ati 
%".  N>>v)lK''ri  form  is  to  be  nsed,  with  riopea  i^at  leaat  1^  to 

The  figure  ha^-ing  been  wlected,  it  is  obrknu  that  tike 
■rnu  nf  all  similar  fiKorca  win  be  proportioDal  to  the  aqoareft  of  their 
lOlio  mean  depun;  80  that  we  BBf  put 

A  =  a  m«; 4%) 

a  iactor  depending  on  the  figutcb 
a  aeniicirde, 

n  =  3  r  =  6  2832; „ (3.) 

For  a  half-aquare, 

»-8; (M 

For  a  half-hexagon* 

n  =  4  JJ=  6-928 ;. ^5.) 

''or  Mr.  Nffvilk'R  figure,  with  a  flat  bottom,  and  olopei  inclined 
angle  0  to  the  hurizou. 


n  =  4  fooaBO#+  tan  s)< 

The  velocity  of  flow  is 


thervfore, 
99,  we  find 


•  = 


v^Q  -i-nm^ 

tho  proper  subetitutions 


eqnatiaD 


m'2<fn''m*       2  j;  n*  mi 


5;--" (»•) 


Cram  which  is  deduced  the  following  rulue  of  the  reared  hydnaUia 

=G^* <^) 


m 
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The  value  of/  is  given  in  Article  09,  equation  15,  and  conlAina 
small  term  varying  invereely  as  the  velocity.     Asaoming  ai 
approsaimate  average  value 


we  find. 


/=0W7565, (10.) 


and  having  computed  the  required  hydraolic  mean  depth,  oil  t& 
other  dimensions  of  the  channel  can  be  deduced  from  it. 

llie  bead  race  should  have  a  waete  weir  and  sluice  of  iUi  owi 
near  its  lower  end,  to  prevent  the  risk  o(  the  water  overflow-jng  i 
banks;  and  if  it  is  of  great  length,  it  may  bo  advujublo  to  bt^ 
■ereral  waste  weirs  along  its  course. 

140  A.  Table  «r  •«■■>«■  a»tf  PiAfc  Pawcm. — ^Tfac  preceding  foi 
mula  is  exactly  similar  to  equation  11  of  Article  lOH,  except  I' 
in  tlm  preticut  case  the  dtamctvr  of  the  pipe  d  is  replaced  by 
hydraulic  mean  depth  of  the  channel  m,  and  the  multiplier  0*33  Vj 
(8512  nn-i. 

Considering  that  for  pipesf  aad  channels  of  similar  figures,  tlH 
fifth  powers  of  the  corresponding  transveme  dimensions  are  [iropor 
tiooal  to  the  squares  of  the  volmuus  of  flow,  It  appears  that  a  tafall 
of  squares  and  fifth  powera,  such  as  is  here  given,  is  nseful  in  ooiii' 
paring  pipes  and  channels  of  diflereut  dimensions.  Suppose,  fin 
example,  that  for  two  similar  channels  of  the  same  declinty,  tlM 
volumes  of  flow  are  in  a  given  proportion,  look,  in  the  column  d 
fifth  |>owor»,  for  two  numbers  as  noairly  as  possible  in  that  jiroiior- 
tion  ;  and  opposite  them,  in  the  column  of  squares,  will  ba  fouc 
two  numbei-s  ncurly  pru|iortional  to  tho  corresponding  txanmnl 
dimenBinns  of  the  fhnnnols. 

141.  The  Be«iiin«um  MhIcb  should  be  placed  as  close  as  posadUl 
to  the  wheel.  It  delivers  the  supply  of  water  either  above  i 
upper  edge,  like  a  weir  or  notch  board,  or  between  its  lower  «dgi 
and  the  lower  edge  or  9Ui  of  the  opening  in  which  it  slides. 

The  delivery  above  the  sluice  is  the  best  suited  for  wheels 
which  tliu  wali-r  acts  chiefly  by  its  weight     The  discharge  in  cubk 
feet  per  second  for  a  given  depression  of  the  upper  edge  of  tlM 
sluice  below  the  surfu«e  uf  the  water  iu  the  head  m«e  may  be 
cnlated  by  the  formnlie  of  Article  94,  Divisinn  111. 

The  delivery  between  the  lower  edge  of  the  sluice  and  the  mil  t 
the  best  auited  to  wheels  on  which  the  water  acta  ohiotly  by  impulsa 
In  both  these  cases,  the  co-efficient  of  dischuge  for  a  vertical  slnM 
may  be  taken  on  on  averuge  us 

c^O-7; 4}-) 
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titoogh  T»ried  in 
The  sin^e  example 
dioecn  to  illustntejfa 
is  br  Mr.  He 

eleratioDS  of  thut  app* 
toa  Tievred  mlnng  i 
ftdOB  A  horioontAl  du 
to  be  ftfterwnpdfl  m* 
tioned  ;  fig.  47  is  a  he 
BontiU  Bection,  below  i 
level  of  tfa«  pair  of 
Tolvingpendnlunui,  whi 
areehoWnin  Uieclerati 
aa  rormiDg  the  nppermi 
part  of  the  appaniiu,  a 
are  carried  bj  a  verti 
spindle,  driven  bjr  t 
•water  wlieeL 


lo  trxvlvtng  pcadoliuus  is  £ea«tml^  nee  Articles  19,  55, 
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iTniai  ihft  rods  of  the  i^evolviog  pendulums  two  linka  suspend  a 

slider,  vhicb   rotates,  ri.iea  and  falls  with  the  balJa  of  the 

lora,  and  from  which  projeota  a  cam  A. 

[I^om  a  vertical  tJiafl  D,  there  projixts  a  horizontal  fork  B,  whose 

I  an  at  opposite  sides  of  the  pendulum  spindle.     The  end  of 

ingfat-hand  prang  is  above,  and  the  Icft-haud  prong  below,  the 

1  «f  the  cam  A,  when  it  ia  at  the  elevation  oorrti^iponding  to  the 

•peed  of  iho  wbeot,  ho  that  the  cam  rc'voUx-s  without  touch- 

['•idwr  prong;  but  the  alider,  immediatAty  above  and  below  the 

u  or  racn  dimenaiona,  aa  to  bring  the  fork  to  its  middle 

if  it  has  deviated  from  it 
;  aaoy  water  wheel  govemore,  the  fork  corresponding  to  B  is 
having  one  pair  of  prongs  at  the  middle  elevation  nf 
I  aUQ,  and  wide  enough  apart  to  allow  the  cam  to  revolve  freely 
them  when  the  fork  ia  in  its  middle  position.     The  other 
jmmipB  are  closer  to  the  spindle,  und  one  ia  above,  and  the 
■  below,  the  middle  ele^'ation  of  the  cam,  like  the  two  prongs 
'(f  the  fork  shown  in  the  fjipirtu] 
Thp  lower  end  of  the  pendulum -spindle  carries  a  horizontal  bevel 
which  drives  two  vertical  bevel  wheels,  turning  loosely  on  a 
ital  shaA;,  which  by  suitable  mechanism  is  connected  with 
I  njculntlng  sluice;     The  vertical  bevel  wheels  obviously  rotate 

lite  dtrectiona. 

rU  a  double  clutch,  which  in  its  middle  poattioa  is  free  of  both 

:  vertao&l  bevel  wheels;  but  which,  by  being  moved  to  one  aide 

I  the  other,  can  be  made  to  lay  hold  of  either  of  those  wheels, 

i  to  make  that  wheel  oommuuicato  its  rotation  to  the  horixoutal 

ta  a  second  fork,  projecting  frcim  the  vertical  ahaft  D,  and 

tbe  clutch,  so  as  to  regulate  its  position. 
jeu   the  water  wheel  goes  faater  than  its  proper  speed,  tlw 
ihims  rise,  lifting  along  with  them  the  revolving  cam  A,  which 
the  upper  and  right-hand  prong  of  the  fork  B,  and  drives  it 
the  right,  together  with  the  ut-coud  fork  C,  which  sliifls 
tdltidl  ao  aa  to  lay  hold  of  one  of  the  vci-timi  bevel  wheels,  and 
emaea  tbe  horizontal  shaft  to  rotate  iu  such  u  din:ctiua  as  to 
by  decrees  the  n^nlafcing  sluice;  and  this  closing  goes  on 
|il  tbe  water  wheel  hu  resumed  its  proper  speeJ,  when  «ie  pen- 
fall  to  their  middle  position,  and  lower  tho  cam  so  that  it 
longer  strikes  either  prong  of  the  fork.     Tlw  clutch  is  then 
'  from  both  wheels,  and  the  sluice  remains  in  the  poKition 
it  haa  been  brought, 
^hen  tho  water  whc^l  goes  slower  than  its  proper  speed  the 
lams   sink,  lowering  at  the  same  time  the  cam  A,  which 
■nkn  the  lower  and  left-hand  prong  of  the  fork  B,  and  drives  it 
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towards  the  left,  together  with  the  second  fort  C,  wWcb  ahifts  tha 
clatch  BO  as  to  make  it  lay  hnld  of  the  other  vertical  bevel  wheel, 
uuil  thus  caiiMes  the  homontal  shaft  to  rotate  in  sach  a  direction  •■ 
to  ojten  by  d't^'rees  the  regulating  sliiice ;  and  this  opening  goes  oi 
uutiJ  the  water  wheel  has  resumed  its  proper  opeed,  when  the  pcn- 
duiiims  me  to  their  middle  position,  end  lift  the  cn,m  A  ao  that  ifc 
no  longer  strikes  either  prong  of  the  fork.  The  chitch  is  then  dia> 
ei^C^ed  from  l»otii  wheels,  an<l  the  slmce  roniiuns  in  the  pooitioii 
to  which  it  has  been  brought. 

143.  A  CacaenU  DcktIpiIob  vf  TcMIcbI  Waicr  niMvla  will  now  be 
given,  and  illustratwl  by  tigures  of  thoae  forms  of  the  diflersnt 
dasaea  of  whi?el»  which  were  uutst  common  Wfore  the  latest  inir 
nrorements,  these  being  reserved  for  the  more  detiulcd  deacriptioos 
in  the  ensuing  sections. 

Vertical  water  wheels  may  be  claimed  as  follows : — L  Oveniet 
toheeLi  and  breast  uAeeh,  being  vertical  wheels,  on  which  the  wat4a 
acts  partly  by  its  weight,  or  by  potential  energy,  and  partly  bj 
its  impulse,  or  by  nctn^  energy.  II.  Underehot  iM«e£8,  being  ver- 
tical wheels,  on  which  the  water  acts  by  its  impulse.  The  foUovi 
ing  ue  ttie  essential  ])artB  common  to  all  vertirnl  water  whods:— 
1.  The  axU  or  shaft,  and  its  gudgeons  or  joumala.  3.  The  radinting; 
parts  ou  which  the  water  acts ;  which  in  overshot  and  breast  whce' 
are  buclxta  or  cells ;  in  underKhot  wheels,  fioaU  or  vanea.  3. 
arv\a  ur  ifpokea  and  other  framework  by  which  tlic  buckets  or 
are  connected  with  the  shatt.  The  channel  or  cliamber  in 
the  wheel  works  is  called  the  v^ted  raoe  or  whod  trovgk. 
wheels  are  protected  from  froat,  and  from  other  caoBea  of 
uud  injur}'-,  by  being  eucla»ed  in  a  vrhed  funue. 

1.  C//w«/io(  aiul  Brmti  WhaeU. — The  water  is  supplied  to  this 
clsaa  of  wheels  at  or  below  the  summit,  and  acts  wholly,  or 
chiefly,  ty  its  weight.  The  periphery  of  an  ovei-ahot  wheel  con- 
sists of  the  mAe  jilate,  a  cylindrical  diiun,  and  the  crowns,  htint 
two  thin  vertical  rings,  connected  with  the  shaft  by  amur  auL 
braces,  and  having  the  space  between  them  divided  into  cdls  ti(f 
our\'ed  or  angular  trough-ahaped  |iartitioua  called  buchU.  Th* 
water  ponrH  fn>in  the  {lentsbMk  through  the  regulating  alnice,80iD»- 
times  guided  by  a  Hi>out,  into  the  ojienings  at  the  outer  edges  of 
the  circle  of  bucketji,  filliDg  them  in  succession.  Formerly  the 
buckets  used  to  be  closed  at  their  inner  sides,  which  are  parta  of 
the  sole  plate,  bat  now  they  are  mode  with  openings  for  the  oK^i* 
and  re-entrance  of  air.  While  the  buckets  are  descending,  part  o£ 
the  water  overflows  and  escapes,  aud  this  is  a  cause  of  wmate  *£ 
energy  :  as  each  bucket  arrives  at  the  lowest  point  of  its  revolution, 
it  discliarges  all  Its  water  luto  the  toil  new,  and  ascends  empty. 
A  breast  wheel  differs  from  an  OTershot  wheel  chiefly  in  having 
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I  nter  paared  into  tho  hnckets  fti  a  somewhat  lower  elention 

rvl  wUh  the  samraii  of  the  wheo),  anil  in  being  provided 

ittaingor  trough,  t-ailed  a  t^mwt,  of  the  form  of  on  arc  of  a 

r^ gtending  from  the  rvguladiigsliiict.'  to  the-  comoieDCL-uient 

ftiP  nc«,M)d  ncHrly  fittinj;  iLl-  |MTi|ihi3y  of  the  whe^-I,  which 

PM  wtihin  it     The  effect  of  the  brciiat  is.  to  prevent  the  over- 

raf  water  from  the  lips  of  the  buckets  until  they  are  ovpt  the 

Ince.    The  usual  veUwity  of  the  prlpht-Ty  of  ovprshot  aud  Iii^h 

■  wheels  is  from  thnw  to  six  fett  per  S(xx)nd ;  and  their  nvail> 

r  ifidaiey,  vhen  veil  detugaed  and  oonHtnicU'd,  is  from  0*7  to 

He  duunetcr  of  an  nvt-nthot  wheel  most  be  little  leas  tbun 

I  hof^i  af  Uie  full  of  WBt«r,  and  that  of  a  high  hnasi  wheel 

greater ;  and  they  are,  consequciitty,  somctimiM  of  cnor- 

A  few  exist  exceeding  aeveuty  feet  tu  diameter.    WlieclH 

[-dMR  are  the  bort  whcrw  there  ore  largo  supplies  of  wottr 

that  are  not  too  low. 

Tmtltinhat  tmd  Low  lirtaH  WlieeU. — Wheels  of  this  class  are 

chiefly  by  the  impulse  of  water,  discharged  from  aa  o|K^uiDg 

bottom  of  the  reservoir  with  the  velocity  produced  by  tho 

ifioalg  or  van«8.    Eveiy  such  wheel  has  a  certain  vfiocity 

fi^dency,  being  tho  velocity  of  the  wheel  wliich  gives 

ponibia  velocity  to  tho  diacbarved  water,  and  bearing  a 

lilre  supply- velocity  of  the  water  which  depends  on  the  form 

flo&ta,  but  does  not  in  any  cam  ditler  much  from  L     In 

jt  wheels  of  the  old  construction,  tlio  floats  are  flat  boards 

dtrertjnn  of  iTulii  of  the  wheel,  ftnd  the  maximum  thf^oretical 

is  ^.     The  BToilnble  etEcleucy  is  much  less,  aeldom  ex* 

4.      An  undei-shot  wheel,  provided  with  a  breatl  or  Cttdng 

as  Wore  described  frxim  tho  sltuce  to  the  commencement 

tall  noe,  becomes  &  low  brca«t  wheol,  in  which  the  water 

ly  by  weight,  though  chiefly  by  impclse,     Tliifi  class  of 

was  much  iioproveil  by  Poucelct,  who  ciu-\wl  the  floata  wiUi 

KriLy  backward.*,  adjusting  their  pofiition  and  liguro  so  tlrnt 

iter  should  be  supplied  to  them  without  ahtvk,  aud  uhould 

I  frr>m  them  ir.to  tlie  tail  race  without  any  horiiontal  velocity. 

maxiukoin  theoretical  effiLiieucy  uf  ttncli  wheelti  is  aa  great  as 

of  ciTf  reliot  wheuls,  but  tl»-ir  available  etticicncy  has  not  lieen 

to  »5Xceed  0-G,     They  uru  well  adapted  to  low  foils  with  large^ 

of  water. 
48  13  a  general  view  of  an  overshot  wheel  of  the  old  oon- 
jn,      A.  spout;    B^  shaft  and  gudgeons;    C,  sjwkes;   D, 
OD4*  having  a  toothed  ring,  for  dnving  a  piuion,  and  so 
lof'tiim  to  machinery ;  E,  solo  plate  j  r,  buckets ;  G,  tail 
in  which  the  water  runs  in  the  (hrection  opposite  to  that  of 
th«-  motiuu  of  the  adjoiuiiig  jurt  of  the  wheel. 


Ti^  49,  50.  and  fil.iue  vertical  sections  of  put  of  the  rim  of  i 
nn^M  wheel ;  figs.  49  uid  SO  Bhoving  woodea  buckete,  and 


r%.48. 


51  iroD  buckets     In  each  of 
BgursB,  D  denotes  the  crown,  £ 
nolo  pkte,  F  the  bnckctit. 

Two  methods  were  formerly 
ployed  nf  preventing  the  air  in  ._ 
buckets  from  impeding  the  entronc 
of  the  water;  one  wus  to  make  i 
few   uoall   holes  in  the  sole 
plate,  and  the  o^her,  to  make 
the  wheel  brooder  than  the 
spout,  so  that  the  air  conld 
escape  at  the    eu<\s   of   the 
buckets  whilo  the  water  en- 
tered  in  the    middle.      ITie 
method  now  used  will  be  de- 
scribed in  the  aequpX 

Fig.  132  is  a  wooden  brcMst 
wheel  of  the  old  oonstroctionf 
with  flat  floats.  A,  reservoir; 
B,  sluioe,  worked  by  a  rack 
and  pinion ;  C,  breast  and 
wlieel  trough ;  D,  wheel ;  E, 
tail  race,  in  which  the  wat«r 
movcd  along  with  the  wheel 
The  water  acta  on  this  wheel 
l«rtly  by  impulse  and  partly 
by  Weight. 

("ij;.  6'i  is  an  undershot 
wheel  of  the  old  constmction. 
A,  resen-oir;  B,  sluice;  O, 
wheel  trough;  D,  wheel;  H 
toil  race,  in  which  the  water 


SmrVlME  OP   VATEB   OK    TAKES. 


les 


wrm  along  with  the  wheel     The  water  acts  od  iba  wheel  whoUr 

Ijy  impulse  ' 

«i**;  l"*^  ^  '^"^  "■  '■■*  (P»^J  extracted  fiwm  A.  JT, 
H^  648).— The  action  of  water  "by  impalse"  againat  a  solid 


flfrM. 


I^M. 


-^     "^ 


rig.  5«. 


lift.  57. 


u  that  pressure  which  ia  exertad  bj  the  water  agaiiut  th« 
^  i»  coDwqaence  of  the  velocity  and  lUrection  of  toe  iBotioa 

^the  water  being  changed  by  oontaoi  with  the  auHaoe. 

The  directioQ  and  anunmt  of  the  prcsture  exerted  hj  a  jet  or 
of  water  agoiuvt  the  solid  sttr(iK»  are  dr-tn-niinril  )<y  the 
principlra,  which  are  the  expression  of  the  geeond  late  of 
notitm  (slrwdy  dtvd  iu  Articles  14^  ^,  30),  as  appUvd  to  this 
auo  : — 

I.  The  dinrcUtm  of  tliat  preasnre  b  opposite  to  the  direction  of 
the  chaugt!  pnMluced  in  the  motion  of  the  stream  during  its  contact- 
with  the  Hurloce. 

T 1    The  uiAgiiitade  of  that  pressure  bears  to  tho  weight  of  waUr 

.;  along  the  stream  in  a  second,  tbo  aame  mtiu  which   thi* 

.;  ^-.  ay  p^r  second  of  the  t^iangc  in  the  motion  of  the  stream  hears 

to  the  veJoci^  generatMl  by  gravity  in  a  second  (vit,  j?  =  32*2  feet 

IWT  second). 

It  only  remains  to  be  sliown,  how  the  direction  and  vcloci*^  of 
the  change  of  motion  of  the  stream  are  to  be  dettinnined. 

In  what  foUows,  the  efTecl  of  friction  between  the  stream  U 
nns  i«  suppowd  to  be  insensJUe. 
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In  each  uf  the  fig».  54,  50,  56,  57,  A  reprcsc^ta  the  stream  or 
jft,  and  B  the  vane.  Fig.  >^4  reprfiflents  the  case  in  \rhich  the  vane 
guides  the  Btreain  in  one  definite  direction  E  F ;  and  ihc  solution 
of  this  cftse  lends  to,  or  comprehends,  the  solution  of  the  others. 
Figs.  55  Rnd  57  represent  can^  in  which  tlie  viino  U&t  a  phino  snr- 
&oe,  and  tlie  streiuu  gluncea  otT  it  in  %'vrioas  direetion«.  In  fig.  55 
the  vane  ia  perpendicdlar,  and  in  6g.  57  oblicjae,  to  the  direction  of 
the  stream.  Rg.  56  represents  a  concave  cup-shaprd  vunc,  turning 
the  stream  bactcwarda.  Cornwponding  lines  on  the  different  tignrea 
are  marked  with  the  same  letters. 

A  jot  of  fluid  A,  striking  a  smooth  auriace,  is  deflected  so  as  to 
glide  along  the  imr&oe,  and  at  length  glances  off  at  the  edge  &,  in 
a  direction  tangent  to  the  aui-face.  As  the  particlee  of  fluid  in 
contact  with  the  nurfnce  move  along  it,  and  the  onlj  sensible  fone 
exerted  between  them  and  the  Bumce  ia  perpcni^calar  to  their 
direction  of  motion,  that  force  cannot  accelerate  or  retard  the 
motion  of  the  particles,  rektively  to  the  surface,  but  can  only 
deviate  it 

Wlifu  the  surface  has  n.  motion  of  translation  in  any  direction 
with  tlio  Telocity  k,  let  B  D  rejircscnt  that  direction  and  velocity, 
and  B  C  the  direction  and  original  vcloci^  v  of  the  jet.  Then 
D  0  represents  the  direction  and  velocity  of  the  original  motion  of 
t)ie  jet  relativelr  to  tlie  snT&ce.  Draw  E  F  =  D  C  tangent  to  the 
rmrfaoe  at  K^  wlicro  tliu  jet  glances  off ;  thia  represents  uie  rdatjve 
velocity  and  dirnrtion  with  which  the  jet  leaver  the  surface.  Draw 
F  G  II  and  =  B  D,  and  join  E  G;  tliis  last  line  represent*  the 
direction  and  velocity  relatively  to  the  earth,  with  which  the  jet 
leaver  the  surface,  being  the  resultant  of  B  F  and  F  G- 

I.  General  Protttem. — Draw  DH  |)arallel  to  the  tangent  EF, 

and  equal  to  D  G;  then  will  the  base  C  H  of  the  isosoeles  trian^o 
C  D  H  represent  the  direotion  and  velocity  of  the  change  of  motion 
undergone  by  tfie  jet  during  its  contact  with  the  vauo;  so  thmt, 
according  to  the  fii-st  of  tho  principles  already  laid  down, 

H  C  is  the  direction  of  tlio  pressura  exerted  by  the  jet  against 
the  vane ; 

Hud,  nccording  to  the  second  of  those  principles,  the  magniiuda  of 
that  pruasure  is 


B..^. 


(»■) 


len  D  Q  is  the  weight  of  the  flow  of  water  in  a  second. 
But  the  whole  magnitude  of  that  pressure  is  of  leas  importance 
than  the  mngniiiido  of  that  component  of  it  which  ia  an  fjfori  as 
to  the  vane ;  that  is,  which  aei^  along  the  diiectiou  B  D  of 


y  «nt  the 

^^&    than  the  r 


nwux  or  water  ok  tjuiq. 

To  find  that  eflbrt,  HC in  cqattioD  1  ii  to  be 

it^beed  hy  ita  projoction  oa  U  D,  vu.,  L  M ;  H  L  and  C  M^dug 
ywrpendicubra  Jet  ikll  oa  B  D  from  the  two  ends  of  H  C. 
ibre,  let  P  denote  the  eflbrt  raqaired  ;  then 

P=DQ-t^; (1) 

Mid  the  am<fy  ptr  meimd  eoKied  faiths  jet  on  the  rane  it 

p  M = D  Q  -5^:15 (X) 

fin  fig.  AS,  the  line  oomepooding  to  L  M  is  nmpty  D  0.  thtt 
dincTcuoe  betweea  the  velodtua  of  the  jet  «nd  Tana] 
To  eacpreee  tboee  prindplee  algebmicalljr,  let 
1^  ^  B  C  denote  the  oii^iul  -rdoatj  of  the  jet ; 

V  =  B 1),  tho  veloci^  of  the  vaoe; 
«  =  .c:^  I>  B  C,  the  angle  between  the  diiectume  of  tboee  velod- 

tiee; 

V  =  .<£^  M  D  H  =  n)pi4enient  .^::EF  Q,  the  angle  iriudi  a 
tangent  to  the  vane  at  t)ie  edge  where  the  jet  leaves  it,  make*  with 

Kdirectioa  of  mutioo  of  the  Ysne ;  then, 
SltsVjOoea;  DU  =  v, 
I  im  =  0^'=:V{«*  +  tt«-2«tiiCOe»} 

iyX  =  ~I>Hcae  v(in  whidiit  IB  to  be  obaemd,  that  ooane* 
obCttse  an^es  are  ne^^ve) ;  and,  conaeqneotly, 

LM  =  ffjCoe«-u-coey^[i^  +  «^  —  2u«,  co««}  ...(4.) 

PuB5DQ--]t»ti,cos»  — u*-«*eoey 

J^i^  +  w*  -  3 1«  *,  ooe  «] 

W'thfi  final  Telocity  of  tho  water,  EG  =  BH,  bo  denoted  hy 
^j^  ita  value  ia 


I 


:  V,  ooe  >  —  tt  : 


COB*  -  i»  — ooey ' 


(5.) 


."(6.) 


oMiTir  lomhfAt 

tlist  the  frution  la  aaeoriUe. 

The  KmoncT  cf  Uw  mtim  of  the  jet  on  tl»e  vmiie  is  th« 
of  the  eoer||7  «x«aied  <m  the  vaae  a  *  Moood  to  tho  oofuo/ 
aftheflavmasooond;  that  i*.  ito  imloB  ii 


s3— -fxwe 


-^,-— V{'+^='^-} 


It  lA  olmmis  that  th«rt9  are  two  cute  ia  which  the  efficiency  { 
itotLiii>; ;  fimt,  wbeu  the  wte  stands  stilly  fir  »  ^  0 ;  and,  seooi 
Then  Uie  vane  moree  at  lach  a  RpMd  thet  P  =  0 ;  that  U^  when 


I 
I 


u  -r  Tj  =  COS  «  +  !m  •  cotan ' 


.(10.) 


For  each  particular  pair  or  aogles  ■  and  y,  there  is  an  inter- 
Mediate  value  of  the  ratio  u  -;-  r.,  which  makes  the  efficiency  a 
ifbiriTfTn"  The  deternunation  of  that  ntio  in  the  most  genetwl 
■Me  iBvoU-ee  the  solution  of  an  equation  of  the  fourth  order,  and  is 
Dot  tttwful  in  proportion  to  the  trouble  of  obtaining  it.  The  latiev 
Iksnbre,  will  be  determined  in  those  particular  caaes  only  whidi 
4fv  tauet  useAiL  

a  rawMifAMAH77[|BU.— Inthiscaee,thepRanireexert«d 
%  ^  jv*  on  the  Tnne  is  wholly  an  effort,  being  parallel  to  the 
^BaiMMi  uC  motion  of  the  vane.  In  order  that  it  may  he  so,  the 
C  D  M.  11  D  M  =  y,  made  ro^eelmfy  by  the  original  and 
uf  the  Jet  rrfefHWy  to  iSe  ewM^  with  the  direction  ot 
-^tW  «*M,  must  be  equal,  so  that 

ITX  =  S^  =  ej  COB  •  -  SI ; 

\  Oi  6»  7,  and  9,  become 

LM  =  »(ex«»--u); (11.) 


9m 


3D 


-^ 


.(11) 


nncuK  or  wasxb  ear  tajob.  1C7 

^_iDQ,(^^o— ,K ^3,^ 

In  Ik*  H  ii  eridat,  tkrt  «h«  i&ieMj  ■  Mlkaig  vfaa  «  ■ 
Jitter  =  0,  qr  =  w,ew,md  tktA ih» ^mi if  $nmml  ^raaiij  b 

-=^^;. -06^) 

for  wtikh  tiie  efibrt,  tke  enctgy  cxatcd  per  leeaad,  tnd  tbe  fiaal 
wlocis}'  of  tlte  vater,  lune  Ik*  Talan 

p  =  DQ^.^ ^;., 

j.^^DQ^^.^ (,&) 

rj  =  rj »  «; «...{1«.) 

i-i=oD*»« (2a) 

UL  Cam  of  a  Flat  Vme,  normal  to  iKc  Jrf,  omf  nomy  «n  iW 
KMie  (/irMKm  (fig.  55). — Ic  this  cue  the  vrntcr  ^aooes  off  ftva  tfce 
edge  of  ihe  tum>  in  kU  directioiu;  en  •=  1;  cm  7=0;  and 
•qttanoni  6^  6,  7.  and  9,  become 

P  =  D  Q  -  ^^ ; (21.) 

p  M  =  D  Q  ■  ''^'''~''?  ^ (22.) 

i.i  =  ^((^-2«r,  +  S  u*) (2a) 

l_i  =  i!L(^. (St) 

Tbe  gnstest  efficiency  eTid«ntJv  ukes  i^mce  vlien 

•=^3^ (M.y 

Mid  in  UiM  use  ,^H 
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(26.) 

(37.) 

(28.) 

(2».) 

M  that  at  ]ea«t  one-lialf  of  the  energy  of  the  jet  is  lost. 

IV.  Case  of  a  Cup  Kutw  (fig.  56). — Let  the  inotioD  of  tliu  tbqi 
bp  in  the  same  direction  with  that  of  the  jet,  bo  that  cos  «  =  1 ; 
and  to  avoid  t^e  incouTeuieuce  of  utuug  negative  quaatdtiea,  leB 
fl  :=y  -iiiJC  he  the  actUe  angle  made  by  the  edge  of  the  cup,  all 
round  which  the  water  glaacea  olT,  with  the  uxia  of  the  cup;  $ol 
that  —  coa  y  =  -i-  coa  A     Tlicu  equations  4,  5,  C,  7,  and  9,  beoomai 

i;ii=(ir, -«)(!+ ooa^); (30.) 

V,  —  « 


P  =  BQ 


•  (1  +  COB  P) ;. 


.(31.) 


r«  =  DQ-'^^^i:i^^(l+ooefl); (32.) 

rj  =  ^{ct-  2  «  (Vi  -  «)  •  (1  +  008  »)] (S3.) 


l. 


and  then 


l-i,^'"'<''l-y+°°"'> _^3^j 

The  tpMd  of  gCMkat  «fficieacy  is  obriously,  as  in  eaae  HL, 

..(35.) 

...(3a) 

...(37.) 
..,(3a) 
...(39.) 


P^  r)Q'|L -(1+008 JS);.. 
ay 

H=^iV[^ 3—); 


1-^ 


1  i-008/ 
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The  form  of  grmtest  effioiencT^  for  the  vane  is  a  hemisphere,  for 
vKich  oo»  ^  =  1 ;  and  then,  when  the  itpegd  of  greatest  effidoucy  is 
lUiuutAlDedi  ve  find 

^-^■. (40.) 

'■-^^ m 

«»  =  0; (42.) 

l-t=lj (43.) 

y.  CiiM  of  CI  FiM  Vane,  chliqve  totheJt  (fig.  ST).— lu  thia  case, 
Uie  easiest  method  of  solation  ia  the  fullowiug ; — 

Let  r'  =  D  O  be  the  Telocity  of  the  jet  rAUved^  to  tha  wwm^ 
fimnd  as  iu  the  general  case.  Let  the  luiKle  C  D  £  which  it  aiakea 
with  a  nomuU  to  the  vane  be  denoted  by  t 

HbwIvg  i/  =  C  D  into  two  oomponente,  viz.  :— 


D  K  nonnat  to  the  vane  =  v/  •  ooe  i ;  I 

z=  vf  •  Bin  t ;      ) 


.(44.) 


Ill' 
I      th 

■ 


&  Cf  along  the  vane 

Then  aoccsding  to  the  suppoeition  that  friction  ia  inseDBiblc,  E  0 
is  not  affected  in  magnitude  by  the  vane;  but  DKis  entirely  token 
away ;  m>  that  D  K,  iu  fig.  57,  oorroeponds  to  H  C  in  fig.  Gi,  and 
rrjircscntH    the   direction  and  velocity   of  the   entire  Uiango  of 

n.m  produced  by  the  action  of  the  vane  on  the  wat«r.  Hence 
the  whole  pressure  exerted  hy  the  water  on  the  vauo  ia  iu  a  direc- 
tioo  nonn&l  to  the  vane,  and  ibt  niaguitude  ia 

P  =  DQ-Sl:^' (45.) 


Now  let  u  be  the  velocity  w^ith  which  the  vane  moves,  in  a  direc- 
tion nmking  the  angle  3  with  the  normal  to  ita  suriaoe;  then  the 
effijrt  of  the  water  on  the  vane  \n 

P  =  F  ooa  J  =  D  Q  •  ^'^*_^\ (46.) 


lUid  the  energy  exerted, 


9 

m/  ooa  <  COB  ^ 
9 


(47.) 


which  bebg  divided  by  D  Q  bJ  -h  2  (?,  aa  in  former  cases,  gives  the 
elficleno}*. 

Another  mode  of  arriving  at  the  same  reeolt  ia  as  followa  >— 
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Let  4  be  tlie  angle  which  the  onginal  directaon  of  the  jet  makei 
with  the  normal  to  xhc  vane.     Then 

v  cos  t  =^v^  ooa  ^  —  u  ooe  i; (^^) 

from  vhich  we  obtain 

p^DQ.^L^^^i^^^^:^^^^; (49.) 

tt  »^  •  COB  ^  COB  i  —  u^  co^  i 


y 
1  -A  =  2--cos^ooBa-2^ 


coa^d. 


.(50.) 
(51.) 


.(52.) 


The  speed  of  greatest  efficiency  is 

I?)  OOB  ^ 

""  Uooaa  ' 

giving  the  following  results  : — 

^-^^'"^1^""^ (S3.) 

rJooB'^ 


Pu=DQ 


1-A  = 


(54.) 

(55.) 


cos*  i 

2"  ' 

which  IS  independent  of  X. 

145.  BcM  farm  mi  Vmaui  «•  ntrtn  jm. — In  all  watcr  wheels, 
whether  the  wattr  acts  chiefly  by  weight  or  chiefly  l»y  impulse,  it 
is  desirable,  in  onh'r  to  reduce  to  as  small  an  amount  as  possible 
the  loss  of  energ}'  by  agitation  of  the  water,  that  tlie  jet,  on  first 
coming  in  contact  with  the  vane,  float,  or  bucket  lip,  shotild  not 
ttril-e  it,  but  glide  along  it 

That  object  ia  attained  in  the  following  manner  : — 
In  fig.  58,  O  B  K  J8  a  vane,  float,  or  backet,  moving  in  tlie 

direction  S  D  with  the  vi;lociQr 
usB  D.  A  is  a  jet,  nioring  in  the 
direction  B  C  with  the  velocity 
v^^SX!,  and  firet  touching  tfae  TUie 
at  and  near  the  point  B.  Join  DC: 
theu  that  line  will  represent  the 
din>ction  and  veloci^  of  the  motios 
of  the  water  rdalii^y  to  the  van*; 
and  of  wliat  sliaiw  soever  the  van* 
Pig,  f;}!,  may  be  ehivwhero,  its  surfacu  at  and 

near  6,  where  it  first  receives  the 
jet,  sliould  be  (larallel  to  D  t-^* 


POXCZLKTS   FLOATS — J^ICTIOX. 


in 


's  FiOATa — TBia  improvement  in  the  form  of  vanes  or 
vM  iDtroduced  by  PoDcelet,  awl  upplitHl  to  his  nndershot 
^hU,  which  will  be  further  dmcribcd  in  t)ie  st^quel.  The  ptiu- 
it  'a  artpliooble  to  all  vheeU  whotaoover. 

&e  fiilJowing  <!cataeqiieDces  of  the  principle  are  ara)ltcnble  to  the 
f  >'o.  XI.  of  Aiticle  144,  in  which  the  angle  yr=K  D  H,  mode 
llie  edge  of  the  vano  ■where  the  water  glanoea  off,  M-ith  the 
vtino  of  motion  of  the  vaav,  in  vuppU-mcutar^-  to  the  angle 
A  u  made  with  that  din^^tiou  bv  the  original  relative  motiou 
be  jeC  This  condition  is  fulfilled  in  Poncelet's  wheels ;  for  the 
ir,  after  rannipg  up  towarda  0,  to  the  vertical  height  due  to  ita 
tire  velocity  D  C,  returns,  and  glances  off  at  the  edge  K  near 
¥>  thai  D~B,  equal  and  opposite  to  D  C,  represents  the  direction 
vdocily  of  its  final  motion  rd/Uivdy  to  the  vane,  uiid  B  H  Uk< 
iion  and  velocity  of  tliut  motion  rdatietiy  to  thti  earth.  It  hatt 
duwn,  in  the  diviaiou  of  Article  144  just  referred  to,  that 
psed  of  greatest  efficiency,  neglecting  friction,  ia 


,-1 


t»,  cos 


•»  «=.^  C  B  N).  Therefore,  from  C  let  fall  C  N  pcrpendi- 
to  B  N  ;  biwct  B  N  in  I),  and  join  D  C  ;  then  to  thia  lino 
snc,  at  and  near  B  £,  would  have  to  be  made  |)ai-alk-l  if  there 
no  friction.  But  one  of  the  eflects  of  friction  is  to  make  the 
of  greatest  efficicuc)'  somewhat  greater  than  J  t,  cos  « ;  and 
onst  be  considered  in  deaigDing  vanes,  as  will  be  snown  in  tho 
Aiiiclo. 

It  mmr*t  mf  Vrtrtian  dwriag  tiapMton. — In  the  two  precodiDg 
Im,  the  frictitm,  during  thi-  iniptibso  of  the  water  on  the  vanes, 
iea  supposed  to  be  inuenniblc.  Notliiug  prcciiio  is  known  of 
oda  of  action,  and  the  following  inveiitigation  is  in  a  great 
tre  ooi^ectuisl ;  but  its  results  show  a  general  agreement  with 
of  axperiment 

,  it  be  assumed,  that  the  friction  in  quetdiuu  causes  a  loss  of 
er  second  proportional  to  (he  height  dm  to  tin  vdociiy  oftka 
itiv^t/  to  tA£  vana;  which  velocity  is 

B^  =  J  {(t»]  cos  «  -  ■u)8  +  uj  sin*  «}. 

lose  of  energy  per  second  by  friction  may  be  repre- 

DQf.  (P)  t'oa  »  -  *0'  + 1*; sin^  „  . 

tig 

tinknowu  co-dLcioiiL 
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Let  the  case  under  oonademtioii  still  be  Case  IL  of  Article  144 
illitstmtcd  in  Gg.  5S  ;  then  referring  to  cquaUon  13  of  Lhat  Ardd 
for  the  ener^  exerted  on  the  vane  per  second  when  friction  k  n 
allowed  for,  it  appears  that,  ufttir  deducting  loas  l>y  friction,  tiu 
eneigy  becomes 

3  « (r,  OPS  a  -  tt) 

9 


-  (p)  O08  ■  -  «)*  -f-  gj  aiu^  it_  \ 
so  that  the  effidenoy  is  redaoed  to 


w 


l_jt^  4uK«««-«)_/(i^0Q««-»)»_^^,  ^^3^^ 


Vi 


SVom  thtj«  exproasion  it  is  easily  found  that  tho  xpeed  of  greata 
e^Eewnr^  has  the  tuIuo 


3+/ 


•(*■) 


iKdiig  greater  thui  the  speed  of  gr«&test  eiE^ency  whea  frictum 
uueDsiblt^  iu  tho  jjroportiou 

4  +  2/:4+/ 


Biixpoee  HhaA  the  speed  of  ^vatcst  cfficiencj,  u^,  for  a  gi 
wlun  tuu  been  found  by  experimeut     Then  the  co-ufficioot  /  i 
given  by  the  formula 


/ 


_  4  «|  —  2  r|  008 


.(5.) 


dj  COB  »— 1*1 

wliich  value  having  been  substituted  in  equation  3^  gives  for  ih 
graateat  efficiency, 

T-f-^KcoBM-th)      4u,-2t40Qa,    ^^^  ^     ,^. 
tJ,  »jOoa»— Mj^ 

To  illustrate  this  by  a  numerical  example  :     Suppose  tliat  oos 
^  '99  ;  sin  (t  =  *125  ;   and  that  it  has  lieen  found  by  cxpurimea 
that  u-j,  instead  of  being  =  Vj  cos  «  X  i,  as  would  be  the  otae 
there  ■were  no  friction,  ia  v^  cos  «  x  0'^- 

Then  by  equation  5,/=  1 ;  and  by  equation  G,  1  -  A  =  0-78. 

This  result  ia  approximately  vehtied  iu  pnurtice,  ua  will  afteP 
words  bo  shown ;  and,  such  being  the  case,  it  api^ttars  that, 
designing  float  boards  according  to  the  principlee  of  Article  H5,BU 
thoold  be  made  =  /«  B  N.    (See  fig.  5B.) 


■hicb  a  jet  exerte  agpaat  a  txdc^  em  alwiTi  b* 
two  parte,  viz. : — 

L  The  pnvare  truing  fimi  th*  ckngtog  ihe  dbvct  eompcoeiik 
^  ooB  «  of  the  Telocitj  of  the  ««Ur  iato  the  Tetoctty  ■  o<  Ae  Taae^ 
Tfai^  wliich  nuy  be  oaHed  die  jiwiig  dita  ta  dirati  impmrm,  ham 
■hwyg  for  itaTuae 

P.  =  Dg'i^?^; (1.) 

knd  IB  not  affected  by  friction  nor  by  any  otber  cause;  and  the 
energy  vhicfa  H  exerts  per  teonod  on  tbe  tum  is  atwmys 


W 


to  the  irbole  actoal  energy  of  ihe  water  the  proportion 

(3L) 

maximom  Tahie,  tul, — 

(^> 


to  tfae^wed, 


l^^coa 


«i  =  — 5 


.(S.) 


a  flat  vane  moving  nonmilly,  as  io  fig.  55,  thb  t^red  action 

only  action  by  impalae  of  the  water  on  the  vane.     It  ia  also 

action  by  imptuse  when  wafeer  cnten  a  backet  and  does 

ly  glance  oat  ngain,  bat  coutinaee  to  move  along  with 

'.  Tlie  tLTm  Ttaetum  in  applied  to  thu  Ddditional  action  de- 
}«nding  on  the  direetinu  and  Ti?locity  with  wliich  the  wiiter  j^lanees 
iff  from  the  vane.  It  is  this  which  is  diminished  by  the  Iriction 
ketween  the  wat*r  and  the  vane^  or  aiuoogst  the  jartick-s  of  wout 
irhich  art  on  the  ^'aue. 

Still  leferring  to  the  case  eo  often  suppowd,  in  which  the  water 
Ihiow  off  at  the  same  ohUqnity  with  wnich  it  fimt  glided  on  to 
M  vane  (Artick'  144,  Case  II.),  it  appeazv,  from  c-<|uatitius  1:!,  13, 
lod  15  of  thnt  Article,  that  if  friction  were  innmiublo,  the  prenaiei 
mergy,  and  efficiency  due  to  reaction  would  be  dimply  «^tial  to 
Uioec  due  lo  the  direct  ocUou,  so  that  its  effect  would  be  to  doublo 
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each  of  these  qnantities ;  and  it  appears  further,  from  Article  146, 
equations  2  and  3,  that  the  pressure,  energy,  aud  efficiency  dao  to 

reaction,  when  friction  is  oonaidered,  are — 

"  \  9  2^tt  /  ^  ' 

F,Mr^DQ["<^''^*~**>-/^^'°^'~"^'*''^*^'''}  (7.) 

Additional  efficiency — 


^2u^ 


C08 


-U)         {VjCOHM-uf 


SUl*«. 


.(»■) 


The  value  of  /  in  the  case  of  Poncelet>  vanee,  for  which  «  is 
mnall  angle,  appears  to  be  nearly  =  1.  It  is  not,  however,  to  be 
taken  for  granted  that  it  has  the  same  value  for  vaucs  of  other 
forma.  It  ia  probftblo,  on  the  oonti-ary,  thatydependa  in  some  way 
on  the  angle  m,  becoming  smaller  as  «  approaches  a  right  anglv,  und 
also  that  it  depcndu  on  the  figures  of  tiie  Minca ;  but  experiinental 
data  are  wanting  to  determine  the  law  of  such  dependence 

H8.    KMclcncr  vf  TttrUcnt  Wsler  Wh(»U  la  CuirawL — Ab  roepeckl 

the  laws  of  their  efficiency,  the  vertical  water  wheels  now  in  an 
Wloiig   to   two   cliisaes,   viz.,— ir«ij^/U  ctnd  itnpulM  wheels,   cotu 
primng  overshot  and  breast  whe<^ ;  and  imjndM  takaelt,  being 
uudershot  wheels. 

I.    Weig/U  and  Impulse  Whe^. — Let  H  be  the  total  head,  asd 
Hi  =  (l-A')H, (1.) 

the  available  head  at  the  wheel,  as  reduced  for  loflses  of  he«d. 
according  to  the  principles  of  Article  99.  Thia  arailable  head  ii 
to  be  distinguiahod  into  two  parts,  as  follows  ; — 

2'=*+^; w 

^  being  that  portion  of  the  head  which  is  employed  in  giviog  the 

Water  the  velocity  with  which  it  is  delivered  to  the  wheel,  and  h 
the  height  throu^  which  the  water  acts  directly  on  the  wheal  by 
its  weight 

Let  u  be  the  velocity  of  the  circomferenoe  of  the  wheeL  Tbu 
the  total  cuer;;)'  of  the  available  fall  per  second  is  compoeted  oT  tfaal^ 
due  to  action  by  weight,  D  Q  A,  and  that  due  to  dind  aatioh 
impulse^ 
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f  Ibl  iDergjr »  oertein  fraction,  -vluch  may  be  douotetl  bj  ^", 
fftroogh  leakage  or  escape  of  wutcr,  aod  various  resistancca 
am  onlj  be  ttnertained  empirically ;  so  thut  the  eftectivk 

I  effeotiTe  load,  reduced  to  its  circtunfercncc, 

,=(i-v)p=(i-nDQ  {^+'"^'°';-">}...(4.) 

■^n|^^gj|&^|aBd^Dg  to  I'xpori incuts  on  many  water 
H^^HPPHPPp^pPonoelet  and  tii'iieraJ  Morin,  range* 
frto  tn,  and  IS  on  an  avenge 

(l-A~)  =  -78ii«rly (6.) 

ncuofcv  of  the  wheel  is 

^^tt(giCoea-u) 

I  -*•  =  (I  -A") S (6.) 

%Dm  about  -66  to  '8  nearly. 

-velocity  u  of  the  wheel  ift  fixed  by  consiHi^rations  of 
flODvenience.     It  was  fomierly  limit«.>d  to  3  feet  per  second, 
'  ge&eraiiy  6  feet  per  second,  or  thereabouts. 
ity  o(  supply  v,,  cornspondiag  to  the  greatest  efficiency 
■en  Talne  of  u,  is 

'''  =  ^^' ; ^^■) 

eorrecponding  greatest  efficiency  of  the  wheel, 


i-ir=s{i-ir) 


9 


.(a) 


'mpuiae  whad*  arc  to  be  distinguished  into  thoM  ^itbout 
ID  with  reaction.  The  old  JlcU-^MU«d  v/mUrAoi  mhed,  ahown 
3,  la  an  example  of  an  impulae  wheel  without  reaction. 
ffwW  applicable  to  it  arc  obtained  from  those  just  giTcu, 
T  makiDg  A  =  0 ;  but  the  value  of  1  —  k"  for  it  is  only 
»  <w  *?,  so  that  its  grcuteat  efficiency  is  ^m  'S3  to  -SS. 


iMMftinaMArtkteU 
te  4v  ia  1m<  ite  voA  per  MMikd,  aad  ifaft  I 

I  ^C  »  «&v  fa^  kakiq^i^  *c^  v»  tei,  fer  tlw 

:^^-   {f-i-.  — .)(3»-».eo.-)_.f«i. 
«*Q-i^=^(«»r,c«*-5,*— V)^ 

H.^1  — r.1rA»^raato<rf'FMeelet  and 

*^       -1  ^  X  i^gM  fe^  abmit  -75  to  -8,  udl»^ 

i-F-=-r8. (ii| 

fiaiai^  iii.  a  itatad  a  Ariade  146,  at 
«^»-C«^«M«;» (13.) 

.MdofAitadc  146,  oas^*^ 
3ewfk^: — 
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Ul— -t*«=-75,  »eliai 


wiUl—ir^-B,— 


-78  X  ■"8*^-606  J 


■75x-78--«85; 


^X  78  = -624. 


.„(ir.) 


When  ft  tnter  wheel  worki  **  dnmmmir'-^^Mt  k,  vbtt  tbe  tul 
laoe  is  flooded,  lo  aa  to  immexsB  tlie  lama  put  of  the  wbed,  the 
fiictor  1  —it"  is  reiluct^  to  shoot  0-6;  aoUwt  <A«  fgkiait^  ^m 
dmumed  whtd  w  tAoul  thrr^-tpuirien  of  Aat  i/a  wimt  not  drommd. 
\i'J.  ch*««e  mf  m  cIms  me  Wtod^ — Taking  the  cffioBOM^  ot  that 
|wrt  of  the  fall  which  nctd  by  weif^ht  on  a  wei^t«xbd>impul9e 
vhed  At  O-a,  and  or  that  part  which  act«  J)y  in^ilse  at  0*4,  and 
the  e&deaey  of  an  Lm|julse  wheel  at  0*6,  it  a  evident  that  the 

wci^tHuid-iinpulM   whoel   is  I  m»M  (  ^cient  than  the  impnhw 

whtx],  aocurding  ns  Uie  portion  of  the  full  of  tho  fanner  which  acts 

hf  impulse  is  ]   i        >  than  one-half.     In  a  weight-and-inipnlse 

vheel.  tUo,  the  speed  of  the  wheel  shoold  be  abont  half  of  that  of 
the  water  when  ntppUed;  that  is,  should  be  due  to  about  ooe- 
qoartcr  of  that  part  of  the  fall  which  acts  hjr  impulse.     Therefoffe 

*'     -    i  :;ht  and  impolae  wheej  isi     ^^*  \  efficient  than  the  impulse 

.        :tcoording  as  the  heiglit  dun  to  the  snr&oe  rdoci^  of  the 

vhwl  i»  I  "^^  y  than  ow-^gfUA  of  the  whole  &11  at  the  wheel 

U  is  nclvlwibk-  lluit  the  surface  velocity  "fa  wau-r  wh^-p]  should 
sot  be  kas  than  6  f^>t  per  second.  Eight  times  the  height  dne  to 
ihii  rolfici^  is  about  4^  feet;  thvrefon;  for  all  &lla  not  exoeodioj; 
iim,  the  impulse  wb'>«l  in  ci-rtainlj  the  best ;  and  the  greater  the 
M^oired  snr&oe  velocity,  the  higher  is  the  limit  of  fall  up  to  whidk 
lh«  impulse  wheel  is  su|»tTior. 

'llu!  rule  now  laid  down  is  of  course  only  to  be  foUowvd  when 
(hoc  is  no  good  ivaaon  fur  denatiug  &om  it 

8BCTI03I  2. — QfOoenhot  and  Bneut  Wheds. 

OvcnhM  ■■«  BrtiMi  WhMb  illMlBC«l«b«A>— In    ordiTr   that 

,  may  be  a  brwuit  whwl,  it  muht  U-  i^.i Ll.-d  with  the  "brwut" 

liar  titmRh  ueutiuned  in  Articlt:  143.  for  diminiahing  ibo 

i  ,  :  1^  of  water  &vm  the  buckets     AllhouBh,  therefore,  tbc  tcnr 

•"ovmhot  wheel'*   wiw  originally  employed  to  dcugoatc   Uim 

s 


I 
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"wheels  only  in  wliipJi  the  |W'n.stock  is  above  the  level  of  the  top 
of  the  wheel,  ito  as  to  ahout  the  water  orer  the  wheel,  it  is  dcnrablft 
that  it  should  now  be  extendetl  to  every  huctet  wheel  which  re- 
oeivoa  the  water  at  a  high  part  of  ita  drcumfereQce,  unci  is  not 
provided  with  a  bi-eost, 

Tho  noccasity  for  a  breast  depends  on  the  form  and  dimensions  of 
the  buckets;  and  ita  presence  or  absence  does  not  affect  the  prin- 
ciples of  the  action  of  the  wheel. 

161.  DcMrtptioM  ofa  BnvMC  wkrai.— The  following  deflcriptian 
of  a  breast  wheel,  which  may  serve  as  a  tyjMJ  of  the  entire  class  of 
overshot  and  breast  whet^Ia,  is  extracted  from  a  pa|>er  by  Mr. 
Fairbaim. 

Fig.  59  is  a  sectional  plan  of  the  wheel,  on  a  scale  of  aboat  tI*^ 
of  the  real  dimensions.  Fig.  fiO  is  a  vertical 
section  perpendicular  to  the  axis  of  the  wheel, 
on  a  Rc^o  of  tIv,  and  fig.  Gl  is  an  enlarged 
vertical  section  of  same  of  the  buckets  and 
part  of  the  scle  phUy  Tho  wheel  shown  is  50 
feet  in  diameter,  the  greatest  available  iall 
being  43  feet. 

The  shrouding  of  the  wheel  is  atupmdtd 
from  the  shaft  by  means  of  the  arms,  which 
are  slcnilor  rods  of  wrought  intn,  in  thia  QMd 
from  1  ^  inch  to  2  inches  in  diiuneter.    ^^M 
weight  of  the  wheel  exclusive  of  the  watnP 
the   buckets,  hangt  from  the  shaft  by  those 
anriB  which  point  obliquely  or  dii-ectly  down- 
wards at  tho  time.    The  inner  cuds  of  the 
amis  are  inserted  into  sockets  in  a  cast  iron 
nave  or  boss,  and  are  fixed  and  pulled  tij4)t 
by  means  of  cotters  or  wedges.     Sorae  of  Uift 
arms,  marked  a,  are  pcrpendicnhir  to  the  shaft, 
and  these  support  the  greater  part  of  the 
weight;  the  other  arms,  marked  6,  nin  dia- 
gonallv,  and  serve  to  give  stiffiiess, 

Tho  weight  of  the  water  in  the  buckets  is 

borne  by  the  pinion  which  transmits  motioo 

Fig.  5fl.  t0  tiie    machinery,   l>eLng    driven   in   inside 

gearing  by  tho  copied  ring  B.     In  the  present  example  the  pitch 

of  the  cogs  is  3^  indies,  and  their  breadth  15  inchi-a 

This  improvement  of  luing  teimon  rods  instetul  of  atiff  spoke^ 
and  of  placing  the  pinion  so  as  to  sniiport  the  weight  of  the  wator, 
and  relieve  the  wheel  shaft  of  all  load  except  the  wi-iglit  of  the 
wheel,  is  ascribed  to  Mr.  Hcwes.  It  has  greatly  diminished  the 
WBJ^h^  cost,  and  friction  of  Urj^e  water  wbetda. 


SUJiSt  WiZZUk 
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A  is  ibe  shntUe  or  regnUting  tJDi<»,  wKiofa,  m  dncribed  in  Artidtt 
HI,  a  a  moveitUe  ovurikll  delircriiij;  wkUx  otct  its  upper  edgi^ 


moved  b;^  meariK  of  a  rock  and  pinion,  wbose  nioti«D8  are  ooo* 
tnJIeii  by  the  governor.  The  figure  of  the  alulce  iathatof  n  portkxi 
of  a  cjUiidcr  cnncentrte  with  tho  wheel ;  and  so  also  is  the  fignn 
"f  the  front  of  the  penstock.  The  water  is  delivurcxl  into  tbe 
hocketa  l«tTD«n  a  set  of  yuidg  biada,  like  the  bars  of  a  Venetian 
Idind,  which  are  ho  nlnoed  ta  to  cause  the  striata  to  glide  into  the 
bvoketa  nithoat  striking  them. 

O  P  is  thu  bruutt,  to  prevent  the  s|)illiDg  of  water  fi-om  the 
1  "  t .,  Its  fif^ure  is  part  of  a  cylinder  concentric  with  the  wheel. 
.  .  breiutt,  front  nf  the  [Hmstock,  and  edges  of  thn  guide  blades^ 
Mv  »ll  dituated  in  one  n-lLiidrtail  surface,  as  dose  to  tlie  circuui- 
tnvnce  of  wbeftl  aA  is  practicable  without  the  riik  of  actual  ooutaot 
Abctut  0-4  inch  uf  dcHronoo  is  wfficic-nt  for  thst  purjiuse. 

At  iho  puint  P,  10  inches  back  from  a  vertical  line  let  fall  from 
the  axis,  the  breoflt  tfroiinntca  with  a  sudden  drop  into  thn  tail 
nee  £1  The  depth,  from  the  lower  edge  of  the  breu^iit  to  thu  bottou 
of  ibe  tftil  mce,  is  about  two  feet,  lliiit  allows  the  buckets  to  dmr 
UMmwlves  rapidly  of  water  Wforo  Wgituiing  to  asceud,  and  It 
the  tail  water  escape  ca&ily^  without  too  much  loiss  of  head. 
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In  fig.  61,  bucket  ore  shown  with  a  dose  wkle  plate,  and 

circnlar    AJr-pa«Bgi 

between     the     m^ 

U     ff     f/^  C^       {  {^  i    /   }     ?•**«  *"<!  «*»e  bado 
VI — \\ — U     \  b^»&L^r     /      of  tho  buckets,  haT> 

ing  an  air  hole  inW 

'^-  *^  *^  **•  it  fmm  «ach  bucket 

for  the  diacharge  of  air,  whtlo  ifio  bucket  is  filling  witli  water,  and 

the  re-admisaion  of  air  while  thu  bucket  is  dischai^fing  its  water. 

Thift  conntniction  in  snitabte  for  wheels  which  an)  UaUe  to  be 

drowned  by  the  flooding  of  the  tail  race. 

Another  construction  of  vertical  bucket  is  shown  in  fig,  62; 
the  sole  plate  being  dinpenBod  witli,  and  each  bucket  having  aa 
oir-pasitage  behind  the  bucket  next  above,  opening  into  thu  interior, 
of  tho  wheel. 

The  present  mode  of  ventilating  buckets  waa  introduced  by  Ur. 
Fairbaii'U. 

152,  DiauMirr  of  wiivri. — Tlie  best  Htirfiice  velocity  for  an  over- 
ahot  or  breast  wheel  being  about  6  fotl  [ler  sceund,  and  the  be*t 
velocity  for  the  water  Bupplied  to  it  being  about  double  of  that,  or 
12  feet  per  second,  wliich  is  due  to  a  fall  of  about  2^  feet.,  it  followa 
thiit  the  Bummit  of  the  wheel,  if  it  ia  to  receive  the  water  exactly 
on  the  top,  should  not  be  more  than  2J  feet  below  the  top-water 
level  in  the  penst<x'k.  The  bottom  of  the  wheel  sbonld  just  clear 
the  water  in  the  tiil  race.  Therefore  the  diameter  of  the  wheel 
ahnnld  uott/eiejts  tliitu 

1%!  available /alZ—Sl  feet; (1.) 

and  thia  applies  to  overshot  wbeela  not  ventilated. 

But  in  order  that  the  water  may  not  escape  through  thu  air- 
paaitages  of  wheels  with  ventilated  buckets,  it  is  advisable  that  the 
wat4^r  should  be  ftxl  to  the  wheel  at  about  30°  below  the  summit; 
that  is  to  fuiy,  at  a  depth  of  about  -033,  or  I  •*-  1-U7S  of  the 
diameter  below  the  aunimit.  Therefore,  for  »nch  wheels,  it  is 
advisable  to  make  the  dtaniet^  n<a  less  t^n 

I-OTS  X  (aviulablo  fall— 2J  feet); (2.) 

and  tltis  rule  will  answer  when  tho  level  of  the  water  in  the  pen- 
stock in  not  Miibjst:t  to  tkeJiuctnfUiony  v/'nii>re  tJuin  about  ajvot. 

"Wlim  tlie  level  of  the  water  in  the  penstock  is  subject  to  greater 
fluctuations  tluin  this,  it  is  desirable,  iu  order  to  facilitate  the  udjust- 
ment  of  tho  position  of  tho  rc^ilating  sluioe  to  those  fiuctuatioiu, 
that  the  wheel  should  receive  the  water  at  a  |dnce  when  its 
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ice  is  mnrp  iiAaHy  Tprtical;  tlmt  is,  at  from  60°  to  90" 
'  the  mmmit ;  so  that  the  diamuter  aLouId  bu 


yrwnlito2  x  (available  feU—Si  feet) ; (3.) 


These  rulos  are  not  giron  to  be  iinpUdtljr  Ibllawed,  bnt  only 

S'de  the  engineer  vben  thitro  are  no  other  circumBtouces  to  fix 
choice  of  a  diameter  fur  the  wheel. 

153.  rtatoa  ■■<  v«nvd  tun^,  —  The  poation  of  the  pinion 
ibould  Ijo  sucb,  tliat  thii  piUh-poitU,  vhere  ita  teeth  are  driven  by 
thdsu  of  the  oog^^  nng,  may  bo  in  the  aa.me  vertical  plane  parall^ 
to  the  axia,  with  the  centre  of  gravity  of  the  maw  of  water 
eoDtaincd  in  the  buckota. 

The  dixtanoe  of  the  omtre  of  gravity  nf  a  circular  arc  from  the 
coktre  of  the  circle  is  given  by  the  formula, 

Radios  x  chord  ^ 
length  of  arc    ' 

btkI  if  this  be  applied  to  an  arc  tra versing  the  full  buckets,  midway 
l-nvvu  thu  sole  plrtte  and  the  outer  circumference  of  the  wheel, 
"■  u  i!l  give  the  position  of  the  centre  of  gravity  of  the  dcBcending 
•^n.\-r  very  nearly. 

It  would  be  denirable  that  th^rp  nhonld  be  a  pair  of  cogc^d  rings, 
noe  at  each  oide  of  tlie  wlivil,  driving  a  pair  of  piniouH,  in  onk'r  to 
tcUevc  the  nhaft  of  all  prpiwure  arising  from  the  weight  of  the 
ariter;  vcre  it  not  that  it  has  been  found  impossible  in  practice  to 
(lUain  iiuch  exact  fitting  of  the  two  rings  and  two  pinions  aa  to 
inmre  perfect  equality  of  prewure  and  smoothness  of  motion. 

IJi.  vtmcUt  of  Gm^Kmm. — ^Tlic  gudgoons,  or  ends  of  the  wheel 
»fuifl  uu  which  it  turns,  have  i«cli  to  bear,  when  the  wheel  is 

'■  .i'](>(l  and  at  rest,  one-half  of  the  weight  of  the  wheeL     When 

V  iicul  is  loadctl  and  in  motion,  the  gudgeon  uoirest  the  cogged 

hris  to  bear  luilf  the  weight  of  the  wheel  less  about  half  the 

-'.^lit  of  thu  water,  and  the  gudgeon  farthest  fmrn  the  cogged  ring, 

balf  the  weight  of  the  wheel  added  to  about  Imtf  the  weight  of  the 

water. 

Let  L  denote  the  grcateet  actual  load  on  a  given  gudgeon  in 
{H'lunds ;  then  if  its  length  is  from  five-sixths  of  ita  diameter  to  about 
r«iital  to  its  diameter,  its  pro])er  diameter  in  inohea  is  abcrat 


J 


mi 

k 


30 

1 S!).  MTMigik  •r  Ama^ — The  weight  is  supported  by  the  f 
mrau  which  ptiint  directly  or  obliquely  downwanla,  • 


ii^^i^^^^^^^^^^^^ 
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the  proportion  of  Uie  squares  of  Uio  coaines  of  their  iiicliiuitionB  to 
tJio  vertical 

Let  i,  tlivu,  denote  tbe  iuoliuatiou  of  any  one  arm  to  the  vertical 
at  a  given  instant,  and 

S*ooe>i 

the  som  of  the  Bqnnres  of  the  cosines  of  the  inclinations  to  the 
vertical  of  the  seveiul  anna  which  {xiint  downwarda  at  the  givea 
instant     Also^  let  \V  be  the  total  weight  to  be  supported.     Then 


T  = 


W 


.(1.) 


2  -COB** 

is  the  greatest  tension  ou  any  radial  arm,  at  tbe  instant  when  it 
comes  in  it»  turn  to  point  vertically  down-wardii ;  and  allowing 
lOjOOO  lbs.  uu  the  siiuare  inch  as  a  safe  wodcing  tension  on  wrought 
iron  bais, 

T 

loTHJo ^"*^ 

is  the  propRr  Heeiional  area  for  each  radial  arm,  in  Rqiinre  inches. 

Let  I  denote  the  leant  inclination  to  the  vertical  of  each  of  the 
oblique  iintiB  ;  then  tbe  proper  sectional  area  for  each  of  them  b 


10,000  ■ 


.(3.) 


\G0.  Speed  and  DiraeiuiMi*  of  fthr«ndiB#. — The  least  sorfiwe 
Telocity  fur  overehot  anrl  breast  wheeU  is  slioiit  fi  feet  per  second. 
Devia^ons  from  that  velocity  may  be  made  for  particulur  purposes  ; 
but  it  is  seldom  dt-'sirable  to  ^'o  below  4^  feet,  or  above  5  feci  per 
second.  The  cfe^rfA  of  the  shrouding  or  ci-owns  between  which  the 
buckets  are  coutmued,  nuigca  from  I  foot  to  1^  foot,  its  moat  osoal 
value  being  about  1^  foot.  Let  this  be  denoted  by  A.  It  is  also 
the  exlrvuie  IrreadtA  of  each  bucket,  measured  in  the  directiou  of  a 
radius  of  the  wheel. 

Let  I  be  the  dear  breadth  between  the  crowns,  being  also  the 
dear  length  of  each  bucket 

Let  r  be  the  outtiide  radius  of  the  wheel ;  u,  as  before,  its  snrfiwe 
velocity. 

In  order  to  avoid  as  iar  aa  possible  the  waste  of  water  by  spitlii^ 
from  the  buckets,  it  in  considered  tliat  only  about  two-thirds  of  tbe 
space  between  the  crowiia,  ou  the  loaded  ape  of  the  wheel,  ought  to 
W  filled  M-ith  water.  The  wheel,  then,  canies  down  water  at  the 
fvUowing  mtv  per  second  (all  the  diueu±dgus  being  lu  leet)  : — 


BCCUn — OOCB  BLADBfr—REGULATOR.  18^ 

Q=l""0-2^)> (!•) 

wliii^  -we  dedaoB  the  fulluwing  fiwmula  to  tlcteraiine  tho  cUar 
o/  wheels  or  Imgth  of  bvchay  I,  when  Q,  u,  f,  and 

;=        3Q 


-0-^) 


157.  PlcHTc  *ad  DfaBuuioBi  of  BMcii«t«.-"Tbe  generaJ  fignra  of 
tnck^ts  lias  altc>a<ly  \iwu  iUiutratcd.  It  U  usual  to  maku  the  iIIh- 
ttDce  brtWM*n  their  txittoms,  medsured  along  the  sole  plate,  equal 
IB  the  depth  v(  the  shrouding  b. 

The  width  of  the  openiiu;  betwoeu  tho  lip  of  each  bucket  and  the 
Ermt  of  the  bucket  next  ahorc,  when  the  wheel  reoeives  the  water 

the  top,  may  be  made  =-=b;  but  the  lower  tlie  whed  receives 
5 

t^  wftter.  the  wider  muRt  that  oppiiiiif!  l>e  madej  and  aa  a  general 

whcu  the  inclination  to  the  horizon  of  tho  wheela  ciroum.-, 

at  the  place  where  it  receiTea  tlie  water  exceeds  24", 

width  is  uboat 

—  Y  sin.  inclination. 

158.  GmU^  Bta4««  uri  BcaataMn — As  already  shown  in  fig.  G^*! 
watiT  ill  rtiuiTilit'd  to  tho  wliei.-l  between  a 

of  gtlidu  blados. 

Thtse  blades  are  from  three  to  fo\ir  inches 

and   their  lower  edges  come  witliin 

.0'4  inch  of  tho  wheet    They  an*  iwunlly 

Feast  iron, almatthree-eigfathB  of  an  inch  thick. 

Thcdr  positions  are  dctemiiued  by  the  fol* 

method,  founded  on  the  principles  of 

I  Article  14.'t;— 

In  fig.  €3,  let  A  B  be  a  section  of  a  bucket, 

'  ita  Up.     Draw  the  stmight  line  B  D  H  a 

it  to  the  circumference  of  the  whei^I ; 

id  nuke  B  I>  —  t/,  the  sorfaoe  velocity ;  and 

I H  =  3  u.     Draw  D  h  parallel  to  a  tangent 
'to  the  lip  of  tho  bucket ;  draw  H  C  perpen- 
aeoLu- 1*^  H,  cutting  D  L  in  C ;  join  B  C.  ^-  *8. 

TheD  B  C  represents  the  beat  velocity  r,  for  the  .'nipply  of  water 
Ivitiiewhoel^  and  the  juiddlv  oaUet  between  the  suiioa 
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.(1.) 


hladcfi  is  to  be  pUoed  at  the  depUi  below  ihe  topvater  love!  in  the 
peiislock  due  to  that  velocity,  via. : — 

2y 

Also,  ..t:^  H  B  C  will  be  the  proper  angle  for  Uiu  guide  b)ai3ea  of 
the  middle  outlet  to  make  with  the  tangents  to  the  circumference 
nf  the  wheel  at  the  points  where  thej  meet  it,  iu  order  that  the 
water  may  glide  iiito  the  bucket  without  collisioa  It  appears  that 
the  cfh^JiaeaU  of  eoiUractton  for  orifices  between  guide  blades  ia 
about 

c  =  0-73; (1) 

oonaaqaently,  the  totiil  an^a  of  the  outlets  required  for  the  flow  Q, 
is  giren  ap[)roximateiy  by  tlie  fonuula> 


.<3.) 


and  this  is  to  be  provided  by  having  a  sofficieat  number  of  outkita 
before  nud  boLind  the  middle  outlet 

The  poaitiouB  of  the  guide  blades  for  these  outlets  are  found  as 
follows  : — 

Take  the  depth  of  the  narrowettt  part  of  each  outlet  below  che 
topwater  level  of  the  penstock  ;  coiuputc  the  veloci^  duo  to  that 

<lepth  ;  from  B  lay  off  distauoee,  such  as  B  K,  B  L,  representing 
those  Telocitieft,  no  aa  to  find  a  series  of  p>intA,  such  a»  K,  Ij,  in 
line  D  C  L ;  tlieu  will  .^  H  B  K,  ,«::  H  B  L,  be  n-spectively 
proper  inclinations  to  tangents  to  tlip  wheel,  for  the  guide  ' 

of  outlets  whero  the  velocitiss  are  B  K,  B  L ;  and  so  on  for  other 
guide  bludcu. 

I'lic  fi^i-miila  3  gives  a  total  area  of  outlet  mthcr  greater  than  is 
absolutely  ueccMiiary;  but  this  is  the  best  side  to  err  on,  as  anj 
excess  of  outlet  Citn  I»e  closc<l  by  the  regulator. 

Besides  coni|>utiug  the  area  of  the  outlets  between  the  gaid6 
blades,  the  hnight  of  the  to|]water  above  the  regulator,  neoessarj  to 
give  the  required  flow  Q,  treating  the  regulator  as  an  overfall  with 
the  co-efJicieut  of  contraction  0-7,  should  be  ooniputed  by  the  for> 
mula 


euung 
in  the 

blaM 


.(4.) 


aud  ibc  depth  of  the  upper  i?dg<*  of  the  lowest  guidr  bbidc  belov 

the  topwater  level  should  Ix;  iniulct  not  leas  than  tnt-  bt-ight  no  found. 

159.  Brcaai — Tall  Hac«. — Wlien  the  width  of  the  Opening  of  the 

btickei  is  only  about  one-fourth  or  one-fifth  of  the  depth  of  ihs 


amcuaccT — noRse-POTEK — mart  spEEoa 


11 


that  in,  whon  the  wheel  receives  the  water  vithiD  «bout 
'  of  the  top,  the  breast  ia  TinnocoMiiy ;  but  for  greater  opeoinga 
I  the  bucket,  it  U  requlnxL 

lb«  bul  nu»,  acconling  to  Mr.  yairbaim,  should  commenoe  at 

iDdktt  behind  a  Vfrlical  liuo  let  fall  from  the  axis,  aiid  shuuld 

tak  lewit  14  foot  or  3  feet  det^p  at  tho  oommencement 

'  Tho   ■■■liMir  U  found  by  the  fumiuliu  of  Article  1^ 

Ibr  «  tho  ao^le  II  li  0  of  tig.  G3. 

small  proportion  only  of  the  euergj'  exerted  by  the  wat 

overahot  or  breast  wheel  ift  due  to  impnlsc,  the  loss  of 

by  moderate  deviations  from  the  best  rarfflce  velocity  is 

L     Than,  atthougli  tho  fniHace  velocity  of  greatest  effi- 


u  = 


V.  OOB« 


2     ' 

velocity  may  vaiy  between  the  limits 

0-3  (pj  cos  «)  and  07  (r,  cos  ») 

any  imjjortant  woirte  of  energy. 
'the  avemge  ellicicucy  of  ovenliot  and  breast  wheels,  designt 
tetnwtracted  in  the  best  manner,  be  c(itiinate<l  at  070,  it  follows 
I  Ibe  energy  of  the  available  fall,  from  tlio  penstock  to  the 
to  gira  one  i0iictiv«  Kon^^pomar,  w  on  an  average, 

33,000 


0-75 


=  iifiWifoot-lba.  jter  minute. 


161.  «T«nhM  wuwu  Ml  nijiii  Rpn^da  (^.  Jf.,  634). — In  a  few 

of  not  very  ordinary  occurrence,  it  is  neceaeary  to  givo  the 

'  to  gnnt «  speed  that  the  ccntrifugul  force  canaea  a  Hcnnblo 

tinn  of  the  water  to  be  ^It  from  the  buckets  during  tbeii 

It. 

In  fig.  64,  let  C  represent  the  tudu  of  the  wheel, 

'  B  a  bncket.    Let  a  denote  the  anffuiar  vetveilt^ 

ftiie  wheel,  whoee  value  la 

-^ ('•) 

te  C  A  vertically  upwards  from  tho  axis,  to  re- 
ity  as  |pv«n  by  the  equation 


.(2.) 


Fig.  84. 


I,  where  n  is  the  number  of  revolutions  per  second.    Then  the  eutfaoe 
[  «f  tha  water  in  the  backet  is  perptrndicalar  to  A  K 
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The  lictght  of  A  nbove  C  is  incle|xmdent  of  every  circnmstuiee 
except  the  time  of  involution ;  being,  in  &ct,  the  height  of  & 
revolving  pendulum  which  revolvea  in  the  eame  time  with  tha 
wheel  (see  Article  19).  The  puini  A  is  the  eamv  fur  all  buckdi 
carried  by  the  same  wheel  witli  the  same  angular  velocity,  and  fiv 
all  points  in  the  tiurfacc  of  thi.-  wuu.t  in  the  same  bucket,  whether 
nearer  to  nr  farther  from  the  axis  O  ;  so  that  the  upper  surface  d 
thu  watvr  in  each  bucket  is  part  of  a  cylinder  described  aboot  la 
axis  travaraing  A,  and  parallel  to  the  axis  of  the  wheel. 

By  drawing  a  vertical  section  of  the  circle  of  bucketa  to  a  scak^ 
finding  the  point  A,  and  deecribing  arcs  about  it  to  rojireaent  Um 
ntrfiue  of  the  water  in  each  bccket,  the  waste  of  water  and  of 
energy  by  centrifugal  force  may  be  determined.  If  A  is  iu  the  ci^ 
comterence  of  the  wheel,  no  wnter  can  cntor  the  buckets. 

Section  3.-0/  Ujuienhot,  WJteds. 

162.  nvmcHptivm  Mfa  PonrviM  wiMri. — The  wheel 
in  fig.  65  is  one  erected  in  England  by  I^Ir.  Fairbaim,  anc 


Fig.  OS. 

best  design  in  every  respect  except  one,  viz.,  that  the  bottom  of  tha 
wheel  race  is  straight,  insteafl  en  being  curved  iu  a  maoiicr  whidi 
will  bo  described  ia  Article  166. 

A  is  the  reservoir;  B,  the  wheel  race;  C,  the  regulating  attuce^ 
held  against  the  pressure  of  the  water  by  jointed  links,  Inlanoed 
by  a  cooDterpoise.  and  moved  by  a  rack  and  pinion ;  D,  the  wbed, 
having  a  pair  of  croi\-ns,  no  sole  plate,  and  aaeriesofcur^'ed 
K,  tlie  taii  ruce,  with  a  drop  into  it  fmm  the  end  of  the  wheel ; 
sa  fur  a  brt-jist.  wheel. 

203.  DinaMicr  t  WkMl. — Wbeo  not  Bxcd  by  other  oonsidero- 


to  make  the  diameier  of  the  wheel  about  donblaH 

lie  i»cv«h  ^f  shr»«dhis  ought  to  be  suffident  to  prevent  the 
ich  gliilca  up  the  Tant'^  from  orerflo'wing  their  upper  edges ; 
o  order  to  proJutxi  the  btst  efficiency,  the  water  should 
lotm  again,  arid  gl&nce  oA'at  the  lower  edges  of  the  vanea. 
i!St  velocity  of  the  waU-r  rt'latively  to  tlie  \-aneB  is  about 
»  velocity  of  supply  t'j ;  but  to  provide  for  the  contiBgen<7 
mlocity  amounting  to  0-7  v^,  it  is  udvisable  to  give  ^e 
^  the  dcfrtfa  due  to  0-7  v^ ;  thnt  is  to  my,  about  ttalf  the 
m  the  toptcaitr  Imtl  in  th«  pemtock  to  the  <milet  of  the  dnice. 
*he  B«cviiiaa«  ntatco  is  placed  aa  close  as  possible  to  the 
id  is  cotisecpioDtly  inclined.  The  co-efficient  of  contraction 
Dtlot  (aa  already  stated,  Article  140),  is  from  0-7  i  to  0*8  ; 
,  the  depth  of  it«<  opening  is  from  four-thirds  to  five-fourths 
pth  of  the  stream  which  issues  fi?oni  it. 
■eatest  depth  of  that  stream  should  not  exceed  about  one- 
lie  depth  of  the  shrouding  ;  therefore,  the  depth  of  opening 
lice  for  the  vulximum  Jimo  should  be  about  one-fourth  oC^ 
,h  of  the  ithrouding,  or  one-eighth  of  tho  depth  of  thftH 
■  the  oriGce  below  the  topwator  level. 

be  the  greatest  flow  to  be  u^d,  in  cubic  feet  per  second ; 

depth  of  the  tojddle  of  tho  orifice  bctow  topwaier;  h 

d«prth  of  the  oriflce  ;  ^M 

Imgth  of  the'orificc,  or  breculth  of  the  opening  of  the  sluioo; 


/=^  = 


Q 


odv^     cd  J'igN 
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laons  being  in  fecU 
Che  ww«i  Ham  is  rloKigned  as  fbllowa  (sec  fig.  6G)  : — 
F  O  a  tangent  to  the  wheel,  with  a  declivity  of  ouo  in  ten. 
livity  is  to  preserve  the  velocity  of  supply  i-j  uudluuniahed. 
a  height  c  d  (Article 
ove  U  F  G,  draw 
■epreaent  the  upper 
tf  tiic  stream,  meet- 
nrcnmference  of  the 
;  the  point  I*   Then 

Kiction  of  the  bot- 
wheel  mce  from 
arc  of  a  circle, 
O  L,  aud  of  the 
dins ;    that  is,  the 
I  Uie  wLct.'!. 
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From  O  to  E  th«  wheel  nee  is  formed  ao  as  to  clmr  tlie  vhi 
by  about  0-4  incb. 

]  67.  The  flsHbee  TdseUy  of  tho  wfaeel  for  tbo  greatest  officlenc 
hu  already  been  stated,  in  Article  liG,  to  be 

tt|-  •6VjC08« „ ^1.) 

In  this  «xpreftaioD  «  ig  to  be  held  to  represent  the  mean  angh 

whicb  the  utrcam  makes  with  a  tangent  to  the  wbccl,  which  is  T«n 

nearly 

1               ■     cd 
•  =  .  arc.  Tersm.  — (2.) 


eii 


168.  TajMM  ar  PtostB.— An  to  the  number-  of  vonoa,  from  two  tt 
three  in  the  length  of  the  arc  L  G  are  in  geneml  cuough. 

The  dotorminatiou  of  the  proper  form  for  those  vanes,  near  thei 
outc^r  edges,  has  already  been  ex|>Laiued  in  Articles  Ho,  140.  Tbo^^ 
arc  usually  curved  in  a  circular  are,  so  tliat  their  inner  ends  tx% 
tangents  to  radii  of  the  whucL 

169.  The  BHcicBcr  has  been  8t«t<.fl,  iu  Ai-tiole  I-I8,  to  bo  aboul 
0-6  when  the  wheel  is  not  drowned,  and  0-48  when  it  is  drowned 
At  these  rates,  the  cnci^  of  the  uvailuble  fall  from  tho  pcnstodt 
to  tlio  tail  race,  for  each  elective  hone-power,  is 


For  tho  nndrownod  wheel, . 


For  the  drowned  wheel,. 


Foot-tba  per  minuls. 
33.0O0     .a  ,„i 


170.  Whcd  im  urn  »p*<n  camM, — Wheels  of  this  c1a5S  an 
carried  by  boats  moon-*!  in  ii  rapid  current.  Their  floats  arc  usnallY 
plane  and  ntrliaj,  niul  fixed  at  diiitances  apart  equal  to  their  leogta 
in  the  direction  of  a  mdiu-s. 

According  to  the  ex|iertmente  of  I'oncelot,  the  following  is  the 
ufteftil  work  per  second  of  such  a  wheel ;  r^  being  the  velocity  of  ths 
current ;  u,  that  of  the  centre  of  a  float ;  A,  the  oreii  of  a  float  In 
Btpiare  f<*t  j  and  D,  the  weight  of  a  cubic  foot  of  water : — 

Ri.^o-s^AM.nr:!*!? 

According  to  tlus  formula,  the  Telocity  of  the  centres  of  the 
for  the  greatest  cfiieicncy  is  half  the  velocity  of  the  cunvut ;  aail 
tlte  efficiency  at  that  npeed  is  0-4,  if  A  «,  he  taken  to  represent  thai 
volume  of  water  acting  on  the  wheel  in  a  second. 
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op  TVBBOTBL 

fiicnoK  1. — GmmU  Prindfia. 

Tarklac*  fi«M«vmIlr   OcMribad  sad  C1mmc4. — A  tlirbiuQ  IS  A 

r»bi*'l  with  a  vcrtitiil   axis,  reodvinp  aud  diiicharging  wnter 

dirertinns  round  ita  circumfrreuw.     Tliu  whi-cl  coutdsts 

or  oimular  p&sHige,  cfmtaming  a  aot  of  tmitAlil y  iormed 

vtiicb  an?  c\irvp(]  Inckwitnle  in  such  a  maimer,  tliat  the 

I  ifter  gbuunng  off  them,  u  left  behind  -with  oa  little  energy 

have  tlie  advantage  nf  bf>ing  of  finial]  bulk  fur  their 
vqtiaUy  efficient  for  the  highi-^t  and  tbu  lowest  full& 
of  warter  tafeps  place  either  directly  from  a  Tenerroir, 
thu  wbetjl  ia  pIaCL<d  close  to  u  suitable  u|K'iung  ul  the 
the  reeervoir,  or  through  a  supjily  pipe  and  -wheel  caae^ 
I  iffDir  method  is  the  bei>t  suited  to  modenit*.'  Mia,  the  latter 
&U& 

throogh  which  the  water  is  delirercd  to  the  wher] 
oases  rimuBfacd  with  ijuiJe  hhultt,  to  Ttwte  the  ■H'ator 
)*t  like  wheel  in  the  direction  IxHit  suited  to  drive  it  efficiLtitly. 
may  bt*  divided  into  tlireo  cIusscb,  according  to  tho 
in  which  tbo  water  moves  before  reoduDg  the  guido 
after  loavinK  tbe  wheel,  viz.  : — 

Ficw  Tuf dines,  in  which  the  water  i»  supplied  and 
in  A  cnrrent  parallct  to  the  axi^ 

~  /Veto  Turinnex,  in  wbich  the  water  iit  supplied  and 
in  tnirrenta  raduitin^  fmnt  the  axia. 
Impard  Flow  Turbineir,  in  wludi  the  water  is  supplied  and 

to  ourrenU  oonvi^rging  radi&lly  kowarda  the  axiii. 

,  thna  claMes  tif  tiirliiuea  differ  in.  certain  details ;  but  tliere 

nuujipleB  which  aro  applicable  to  them  aU,  and  geoeral 

lich  are  ad^ted  to  any  one  of  them  morely  by  assigning 

[talofti  to  certain  syiuboU  in  them.     The  diogmms  which 


dve^  sliow  the  general 
ilctaiU  uf  their  e^ii 

n-ptvMutH  a  jionUJDl 


arraTi(;eincnt  of  the  principul 
"    ^ing  reaervad  on  til 

is  the  eup^y, 


Fig.  68. 


FlfrTO. 


Flg.7L 


ihfar  upper  edge% :  the  form  and  poeiiion  of  tlimr  lower  edgos  u 
5bonii  by  clotted  Uncs,  ore  anch  as  to  direct  the  wuUt  in  serenl 
(■mall  Bti-eams  or  j«ts  obliquely  agUDBt  all  partR  of  the  circnifr- 
ferance  of  the  wheel  R  The  wheel  B  coimsta  also  of  an  aunolu 
pusa^  between  two  cyliitilncal  druius,  containing  a  series  of  vaoe^ 
resembling  the  giiido  blades  In  shape,  but  turned  with  their  lower 
edgcB  poiiitlug  backwarUa. 

Fig.  68  shows  a  vertical  section  of  a  few  of  the  guide  hladeB  C^ 
and  vaues  D. 

Fig.  C9  is  a  horizontal  aecticm  of  part  of  an  outward  flow  ttirldof; 
A  is  the  supply  chamber,  being  a  vertical  cylinder  with  a  ring  of 
openings  round  its  lower  end  ;  C  are  the  guide  blades  for  directiK 
the  water  obliquely  forwards  as  it  nwhc*  out  of  these  opening  ;  S 
is  the  wheel  surrouudiug  the  ring  of  opcitiugii,  and  cousdsting  of  4 
pair  of  crowns,  or  flat  rings,  with  a  Henc-i  of  curved  vanea  D  bctwesB' 
them ;  tlume  v'anes  aro  radial  at  their  inner  edges,  aud  directed 
obliquely  Imckwards  at  thcii*  outer  edges. 

Fig.  70  represents  a  plan  of  one  form  of  the  rtaetum  loiM— • 
kind  of  outward  flow  tiu-bine  without  guide  blades.  The  water  if 
cxtttductcd  by  a  vortiail  supply  pipe  A  into  che  centre  of  a  rotatii^ 


TTBBnfis — vKLocmr  or  rtow. 
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k>Unw  diao,  provided  with  two  or  three  hollow  ornis,  wliioh  dia- 
chuge  the  water  Ihrouj^h  orifices  directed  backwards.  In  the 
figure,  the  hoUow  disc,  and  its  two  arms  B  B,  are  abowu  of  such  a 
Ittm  u  tu  leave  the  largest  pCMsible  space  for  tho  motion  of  the 
vftter  &um  the  centra  of  tLe  disc  towards  the  circuiufurence,  in 
flider  to  ftToid  friction,  and  for  other  reasons  whicti  will  afterwonla 
•{■pear.  C,  C,  are  the  orifices.  Thti  eircunifurences  of  tho  arms 
B,  B,  bete  perform  the  fuuctiona  of  vaurt*. 

Fig.  71  IB  a  horizuutol  wxrtiuu  uf  an  inward  flow  turhinA  A  ia 
tbe  mpply  diamber ;  Q,  one  of  tiie  guide  blades,  directing  the  water 
kbliqueiy  forwarda  against  the  wheel ;  B  ia  the  wheel,  oconpyiog  a 
cBitral  spOrce  Burrounded  by  the  8Up]iIj  chamber,  and  diachaiging 
tbe  water  through  openings  iu  itei  ceuti-o ;  it  oonaifits  of  a  pair  of 
atiwnfl  with  a  act  of  curved  vunea  D  between  theni :  theae  Tanea 
uv  radial  at  their  outer  ends,  and  uro  directed  obliquely  backwarda 
U  their  inner  enda. 

In  treatiuf;  of  the  theory  of  the  eiHciency  of  turbines,  it  will  be 
lamoed  that  they  are  constructed  of  the  fomiB  and  proportions, 
ud  woHced  iu  the  manner  mout  favourable  to  cfficicucy,  according 
to  mles  which  will  prpwntly  be  explained.  The  waste  of  power 
<mtned  by  deviations  from  those  rules  can  afterwards  be  allowed  for 
by  mcanB  of  empirically-found  multipliers, 
172.  By  T«d«eiir  •€  wimw  id  to  bo  understood  the  ralocity  of  that 
cnt  of  tho  motion  tA  the  water  by  wliich  it  y»  carried 
s,  throngh,  and  away  from  tho  wheel ;  that  is,  the  com- 
,t,  whethtT  jMLcallel  to  tlm  uxIb  or  radial,  which  is  at  right 
to  the  motion  of  the  vanes. 

A  denote  the  total  effective  sectional  area  in  square  feet  of 
oiificee  through  which  the  water  posses,  whether  in  the  whed, 
igst  the  guide  blades,  as  meosored  upon  a  surface  perpen* 
to  the  direction  of  the  flow ;  that  i»,  in  a  parullul  flow  tur- 
lone,  I'-n  a  plune  per^iendicular  to  the  axin,  and  in  an  oiitwai*d  or 
inward  radial  flow  turbine,  on  a  cylindrical  tturfacu  described  about 
the  axif. 

Lrt  Q  be  the  volume  of  water  used  in  cubic  feet  per  second. 

Q-^A (t.) 

ifl  Telocity  of  flow. 

Inasmiidi   fts  sudden  clwnges  in   tho  vploci^  of  a  stream  are 

panitKl  with  waste  of  energy,  it  is  desirable  that  the  vylocity 

flow  ehotdd  either  be  constant,  or  change  slowly  during  the 

of  the  water  through  tho  wheel. 

piiniUel  flow  turbines,  such  as  fig.  67,  the  velocity  of  flow 

bo  miule  constant,  if  tho  vanes  were  insensibly  tJiin,  by 

the  drum,  or  annular  case  containing  the  vaues,  aimply 
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otering  tiie  wheel,  should  be  e^ual  to  that  of  thn  finit  cinmm- 
ferenoe  of  the  wheel,  and  the  vdoeitjf  oftdhirl  retaiivelj/  to  the  kmM» 
on  IcATing  the  vheel,  shmiM  be  eqiuU  and  contrary  tu  thAt  of  the 
aoond  circumfeniiice  uf  tho  wheel. 

OoDaequently^  the  ratio  of  tlie  latter  of  these  vclocitlea  {to)  to  the 
fonner  (r)  should  be  that  of  the  radios  of  the  dufcharvrng  side  of 
Uie  wheel  to  the  radins  of  the  receiving  lade.  Let  n  deuote  that 
ntio;  then  ur  =  n  c;  Id  which, 

for  a  jiaralle)  flow  turbine,  n  =  1 ; 
for  an  outward  flow  turljine,  n  z^  1 ; 
for  an  inward  flow  turbine,    n  ^  1 ; 

■od  if  the  drum  ih  uuuIc  of  that  figure  which  cau-sca  the  velocity  of 
Aov  to  be  umform,  the  angle  ^  =  .^^r  H  K  L  in  fifl.  68,  which  the 
luniier  edges  of  the  vaucs  make  wi  th  a  tangent  to  ue  wheel,  ahoold 
Kave  the  value  given  by  the  equation 


.«(S.) 


H  K  _  tan  « 
'^"HL"     « 


.(3.) 


nA  u  H  L  =  »  *  £  O,  this  formula  is  eqmToleut  to  the  follow- 


^ 


flrK  =  EF. 


.(3  a.) 


174.    Kaetoacy    wlikaat  FrietioM. — The  following  investigatioa 
.ivfiovnoe  to  the  cose  in  which  tlio  supply  of  water  is  aufficient 
the  orifioM  and  channela.     Reference  will  be  made  in  it  to 
idple  of  the  ejualUy  o/awjuhir  imp%Um  and  angular  vtomety 
oonseqoence  of  the  Becond  law  of  motion,  which  will  now 
sUinefl  (J.  J/.,  060.  561,  o62). 

a  lw«ly  whose  weight  is  W  move  with  a  velocity  V  in  a  given 

ion  irlatix-ely  to  a  |)oint  C;  let  r  denote  the  length  of  u  |»cr- 

?utar  Itrt  fall  from  C  u^Kin  a  tangent  to  the  path  of  the  tK)dy 

:  motion. 

in  the  onyuAn*  momaUum  of  W  relatively  to  O  me&D»  the 

WVr 


Let  Jf  di!not«  the  momail  of  »  coujiie  of  eoiial  and  opposite,  but 
dJivetly  opposed,  forcoa  ;  that  is,  the  product  of  their  commou 
■  itude  into  their  arm  or  lover,  which  is  tho  perpendicular  di** 

between  the  linea  along  which  they  act. 
The  anffuiar  inpuUe  of  tuch  a  couple  metina,  tho  product  of  ltd 

o 


J 


m 
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moment  into  tlie  tune  during  which  it  acts.     To  produce  a  gii 
change  in  the  angulur  momeatuni  of  »  body,  an  «»fiiial 
impulse  is  required — a  principle  expressed  by  the  equation 

M  rfi  =  —  •  rf  (V  r) 

To  apply  tliia  to  the  action  of  water  on  a  turbine,  the  veij 
water  acting  in  a  w>cond  (DQ)  is  to  be  ascertained;  ft' 
moment  of  tlie  couplv  omrted  between  it  and  (lie  wheel  wiH' 
measured  simply  by  the  i^lianpe   which  itB   angular  momentoBi 
undergoes  in  pa«»(iiig  thi-ongh  the  wheel  i 

The  product  of  Uiut  t-ouple  into  the  angular  velocity  of  the  ^Mff 
a  iR  the  energy  exerted  by  the  water  on  the  vheel  in  a  seocwff 
(ArUcle  5). 

I,  ComjnUation  of  the  Energy  Esartnd  by  Ote  Water  on  the  WkA 
— Let  T  be  the  radius  of  the  wheel  where  it  rweivea  the  vattt 
(For  parallL-1  flow  turbiucs,  the  mean  radiuA  may  be  takea)  Thfli 
n  r  is  itii  radiux  where  it  di^haiges  the  water,  and  a  r,  and  nar, 
ore  its  two  suHace  velocities. 

Then,  the  velocity  of  whirl  of  the  water  when  it  entca 
wheel  being  r^  its  ii^ud  angular  moToetUum  per  teoond  is 

DQcr 

and  as  the  velocity  of  whirl  of  the  water  when  it  leaves  the  wl 
as  determined  by  the  conditions  of  Article  1 73,  is 

nAr  —  v  =  n{aT  —  v), 

iH»Jnal  am^vSar  mommtmn  per  fectnuf  is 


the  difTerenoe  between  these  qnantitiea,  being  the  momeat  <n 
oouplo  exerted  between  the  water  and  the  whcel^  is 


jj^j^Q.(H^nVr-^^ar«._ 


.(2.) 


and  the  mmgy  juried  per  aeeond  by  Uie  w&t^  on  tho  wheel  is 

M  .  =  D  Q  ■0+»')''r-n'.',^ ^^^ 


Tha  fketor  hf  which  P  Q  is  multiplied  in  equation  3  is  th^ 
^ktwt  kmd,  Mgleoting  friction. 
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Compulation  of  the  Kitm-ffi/  Sxpendetl. — Tliiii  calciiLition  is 
ooadv  \>y  findiu^'  tiiu  lit-aU  rt'i^uired  to  pruducu  tbe  vbHous 
itica  that  are  given  to  tho  wti^f|■. 
To  produce  the  ^nal  veioeitjf  q/'jlow  n  v  taa  fi,  tlivrc  is  required 

1*0  produce  the  tniiiai  vdocily  of  whiri  v,  there  ia  required  the 

'o  prvJuce  the  reversed  relative  velocity  ot  whirl  wiUi  which  the 
leave*  the  wheel,  to  =  n  v,  there  is  riHjuiivd  thu  hoiui 

to  InUuce  oeutrifugal  force,  the  head 

a»r3(l-«*)^2<;, 

(  negative  ^         (  outward  flow  ) 

wbich  19   <  nothing;  /'<ir-'  parallel  flow  J-turbinca. 

\  ]>o!Qtive  )        (  inward  flow  j 

ttizig  these  quaatitiee  of  head  togcttier,  we  find  for  the  ftead 
su^>ly  chamber  f 

ft,=,i.|(l  +  nx  +  «2taii2fl)t;3  +  (l-«^a»r*};...(4.) 

euergjr  expended  at  the  wheel,  per  second, 

DQA,; (5.), 

and  for  the  EFTicorscT  (neglecting  friction), 

Ma               g(H-w»)agr-2»»a^y<  ... 

D  Q Ai  ° {I  + 11*+  71* tan* ^)  pJ  +  {I  - n«)  a^  j^ ^"^ 

e  above  arc  general  expresiiious  for  all  tiLrbioes  with  guide 
J>'or  parallel  flow  turbiues,  they  become 

_  A,--L(2-f-tfln2  0)e2; - (7.) 

y 
M  a        iavr—  gii^r*  .^. . 

DQA;'    (2  4-t«n«^~ ^    ' 

tJie  aid  of  eqnation  4,  v  can  he  expressed  iu  terms  of  A  ••xd 
,-<oa»  to  tniubfiu'iij  t^uuiioiuf  0  und  d,  u  ibllows ;— 
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„=  j2gh,-{l-n^iJ^. ,9  V 

ar 
Let  "T-,,    ,'  =  z,  then, 

wluch,  ■when  n  =  1 ,  becomea 

***  ^*  0-4  /ii\ 

got^-yi+t^-"'' <"■> 

The  effidency  of  tho  rea«tioEi  wheel  is  a  special  ewe,  which  will 
be  conaidered  in  Articlo  1761 

170.  Tk«  ommcm  BSeifwcr  wiAwai  rrictioa  is  attained,  as  has 
been  stated  in  Article  173,  when 

V  =  or. (1.) 

Bubfitituting  this  value  of  v  in  equation  4  of  t^e  last  Article,  we 
find 

*,=  (3  +  »*tanM)-^; (1) 

and,  consequently,  the  sarfooo  volocitj  of  tlie  wheel,  whora  it  r^ 
oeivcs  the  water,  should  bo 

—  \/(f+^^3) W 

So  that  in  equations  10  and  1 1, 

1 

The  efficienojr  coirraponding  to  this  speed  is 

D  QAt  '  2  +  n^  Um^fi^  ^  ^' ^*'' 

showing  that  the  only  enei'gy  lost  is  that  due  to  tlio  tinal  velocity 
of  flow,  n  V  tan  S  =  nar  tan  &. 

The  following  table  shows  some  valuea  of  tho  beat  speed  as  ooia- 
pared  with  the  speed  due  to  the  whole  available  head,  and  of  the 
greatest  cJSciency,  neglecting  friction,  for  a  few  Milues  of  the 
obliquity  S  of  the  vanes,  and  on  different  suppositions  aa  to  the 
vulue  of  » : — 


EFncxranrr  or  turbine — reaction  whebi:* 
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6 

far 


for 
n=l. 

35° 


» 

for 

1 

54"! 


nton  A 

•3^4 
•466 

•577 

700 


2s«. 


■685 
■671 
•«55 
^S34 


•93 

•90 

■86 
■80 


The  proportion  n^^  J  2  ia  usual  in  oatward  flov  tnrbines,  such 

ma  FoumcjroD's;  n  =-^  is  usual  iu  inward  flow  tnrbinee,  such  aa 

Thomson '«  rortcx  wheel. 

The  case  of  n  =  I,  j9  =  30'',  is  veiy  nearly  that  of  Foutaine*a 
imrallul  flov  turbines.  Theory  gives,  as  the  a1>ovo  t&bk  shows,  for 
tbe  bert  velocity  of  the  wheel,  at  the  middle  of  the  ling  of  Y&aea, 


w 


ar==-G5SJ2i/h^, (6.J 

experiments  of  General  Moriti  give 

ar=  -645  J2g/i^ ; 

mud  the  agreement  is  aa  close  aa  can  be  expected. 

176.  Toe  BmmtOtm  WkMl  LB  equi^-alent  to  an  outward  How  tnr- 
l)ine  in  which  3=0,  r  =  0,  «  =  0j  while  for  nr  is  to  bo  substitutcHl 
r*,  the  nuliuH  from  the  axis  to  the  centres  of  the  orifices ;  for  n  v  is 
to  he  put  to,  ita  original  symbol ;  for  n  a  is  to  bo  substituted 


I 


^> 


aff 


Tbfixi  for  t}ie  velocity  of  outflow  of  the  water  from  the  oriBoos, 
have  

w=  VasFAi-f.o2*^=  yiT^  yapj (1.) 

and  fur  the  cfHcicucy,  nc^eoting  friction, 
Mo  2^ 

This  expvnton  increaaes  towardn  tho  limit  1,  or  perfect  efficiency, 
m  il  inoroaaos  without  limit ;  so  that  if  there  were  no  friction,  the 
efficiency  of  a  n-action  whed  would  have  no  maxiiuum,  but  would 
incn.-aso  towards  unity  aa  tlie  velocity  increased  without  limit. 

177.  KMciMicr  •<*  tmMmm.  Aitowtea  tme  Frietton. — L  Parotid 
FUno   TurOitUM. — The  fact  stated  iu  Ai-ticle  175,  tliat  the  beet 
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actual  speed  of  those  turLiues  Is  thu  same  vith  that  calculated  in 
the  Buppoaition  that  thero  ia  no  friction,  bliows  that  tlio  losi  of 
eoOTgy  by  frictiou  may  bu  allowt-d  for  by  multiplj'ing  by  a  constant 
factor,  Ifjis  than  iniity. 

Frnni  tho  cx|H.Tiuit>titii  of  Goueral  Sforin  and  others,  it  appeara 
that  tin-  vahit!  of  that  factor  is  npftrly  the  same  as  for  tho  beat  over- 
shot and  undershot  whtfls ;  that  13  tosar,  (1  —  A-")  =  from  '75  to  "8, 
with  an  avenige  viilue  of  aliout  -TtH. 

If  ve  multiply  tlie  efliciencte»  in  the  table  of  Article  175,  corre- 
spondiug  to  ft  =  I,  f3  =  %y,  and  30°,  we  Hud  thu  following  reBtdts, 
which  agree  well  with  experiment : — 


l-k- 


30' 


3  «•* 
90 
-86 


75 

■67s 

•64s 


■78 

■702 

•671 


■6 

•72    1  reimltant 
"iiSS  J  eihciencj. 


II.  Inward  Flow  Turbine*. — In  theeo  turbinee,  the  co-efficiont 
(I  ~k')  appears  to  be  about  the  same  as  for  parallel  flow  turbines; 

which,  for  ^  =  36',  «  =  rt>  6*^^'  ^  *'^®  average  resultant  efEcicocyi 

about  -7^ — a  conclusion  confirmed  by  practical  experience. 

III.  Outward  Flow  Turbinen,  which  generally  work  drowned, 
loae  in  overcoming  fluid  friction  a  quantity  of  work  per  F«cond, 
which  has  been  shown  by  Poucelet,  and  by  General  Juorin,  to  be 
proportioDfl]  to  the  volume  of  flow,  and  to  tlie  height  due  to  the 
velocity  of  the  outer  circumference  of  the  wheel.  That  velocity 
being  denoted  hy  nar  =  n* ^ 2gh^,  the  losa  of  work  per  secoiwt 
by  friction  ia 


ity 

iiu(    H 


being  the  fraction /«*«*  of  the  energy  expended. 

/is  a  co-eifiuiciit  of  friction,  whoiw  Milue,  as  deduced  &om  experi* 
menta  by  General  Moiin^  is  nearly 

/=  0-25. 

This  canse  of  loss  of  work  not  only  diminishes  tho  ofSciency  of 
the  turbine,  but  diiniuiidies  very  oonatdezBbly  the  speed  of  greatest 
efficiency. 

Sulitractingyji'  s^from  eqimtion  10  of  Article  174,  we  find  for 
ihfi  aottial  efficiency  of  an  outward  flow  turbine,  at  any  given 
velocity  a  r  ~  z  J  i  g  It^of  ita  inner  periphery,  tie  >-alus 
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The  follon-iDg  are  the  rwnlts  of  investigating  the  oonditioos 
which  make  this  qnuntity  a  maxiranm  : — 
Let  a,r  =  5,^2j?Aibcllie  U-st  speed. 
For  brevity's  e&ke,  let 


TWn 


-^-vmj^^}-' w 


umI  the  graaieBi  efficiencj  is  ^vcn  by  lliu  forraala 

(3+/)n«-U 


2(n^-l) 


.(4.) 


Asftnamcrical  extuniilo  nnd  ToriBcntion  of  Uiem  formdb^  the 
■e  may  be  taken  of  a  Foumvyron's  tuibine,  for  vliidi 

n^  =  2  nearly  i 
/=0-25; 

»i'  tan*  <S  a  s  nearly. 
;  tboae  date,  ve  Sud  U  =  316,  and,  ooneoquently, 

iciency,  U  ^  =  "68; 

nmHis  which  exactly  agree  with  those  of  expoximent 

rV.  Seaetum  IT/iw/. — If  we  assume  tbat  this  wheel  is  resiated  in 
the  Bainc  nmnner  with  an  ootward  flow  turbine,  and  denote,  aa  in 
Articli;  17G,  the  ratio  of  the  gpeal  of  the  orifice  to  tluit  due  to  the 
Virallabte  hmd  by  z\  and  the  best  value  of  that  ratio  )sy  e^|,  ve  find, 
lac  the  dHciuncy  in  K^-nend, 


1- 


.(5.) 


Ma 


.(1.) 


vhioh  being  made  a  maximiun,  ^vea 

3+/- jcan-/)"-! 


'-V{ 


3^(2+/) 


r'^4    /'• 


.{!) 
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M^ai       2 +7-^(2+/)'' -4  (3-j 

DQAj"  a 

IVom  experiments  hy  Profeasor  Weisbach,  it  appears,  that  Uu 
itest  efiicieocy  of  a  good  rcuctJoii  vheel  is 

^^Ir'''-' (*■> 

which  Taltie  being  subsdtnted  in  equation  3,  gives  for  the  co-efficien 
of  friction 

/=106; (6.) 

and  for  the  ratio  of  the  best  speed  of  the  orifices  to  that  due  to  thi 
availiiMf  fall, 


V|  =  -804. 


(6-) 

This  PEsult  is  oonfirmcd  by  general  experience  of  the  working  ol 
these  wheels,  from  which  it  appeara  that  the  best  velocity  for  the 
orifices  is  very  nearly  e^iual  to  that  due  to  the  available  fall,  and 
the  greatest  efficiency  about  |. 

178.  T«iHBe  •£  Plow  Mid  «iM  ar  chttM^  —  In  Article  174, 
equation  9,  an  expression  is  given  for  the  tcftirling  or  tangential 
cxnnptment  of  the  velocity  of  flow  through  the  openings  between  the 
guide  blades ;  from  which  arc  deiluccd  the  following  expreBsinns  ft* 
the  total  velocities,  through  thu  oi»ening8  between  the  guide  bladei^ 
and  through  the  openings  betwwu  the  vanca  of  the  wheel  reopets 
tively ;  in  which,  Q  being  as  before  the  volume  of  flow  per  second, 
the  joint  area  of  the  amtraded  ttream  in  Uie  former  set  of  opening! 
ia  denoted  by  O^,  and  that  in  the  latter  set  by  O, ; — 


^nveec 


0. 

For  reaeUon  toheda. 


llie  formuhe 


Oi  = 


Q    .  ^         Q  Q 


(3  a.) 


vsec  at 


^     nvaeoi9 


weeo/S** 


.(a)r 


serve  to  determine  the  effective  areas  of  inlet  and  outlet  reqoiRi 
to  employ  to  the  beat  advantage  a  given  flow  of  water  in.  a  gha 
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vitb  a  giTsn  arulable  &11  and  speed,  the  speed  being  that 

nffidencj,  computed  as  in  Articles  175  and  177. 
oo-^^Cnanf  t^ocmtractum  for  the  inlets  and  outlets  of  turbineB 
from  '85  to  '^5,  and  is  abont  '0  on  an  average  ;  so  that  the 
t^Hnungs  are  to  be  made  on»7uiUh  larifer  than  thoM  ffiven  by 

KMcivMCT  ■■  nM^ctc^   br   WLt^mlmum, — The  6ow  of  water 
a  turljine  is  conti-ollod  by  a  n-gulating  valve,  of  which 
pnt  kiutb  will  ofterwiLrds  bo  described. 

f«nLllel  flow  and  outward  flow  turbines,  the  regulator  usually 
of  a  set  of  slide  t&Itos  applied  to  the  oritioes  of  supply 
the  fptide  bladea 
the  W«t  form  of  reaction  wheel,  known  as  ^Vhitelaw  and 
;'s,  the  n-gulutor  conidsla  of  ulide  valvea  applied  to  the  orifice* 
I  ends  uf  tiie  arm.s. 
.  Thornton's  inward  flow  txirbine,  the  regulator  couoata  of  the 
U*de8  themselves,  which  turn  about  axes  near  tlicir  inner 
•D  as  to  be  set  at  any  required  angle  »  to  the  circumference 
rtfce  whe^L 

preceding  invesdgationn  and  statcmcnta  of  efficiency  have 

to  the  case  in  wliicli  tlio  imsKU^'OM  of  supply  aro  uniutcr- 

or  nearly  so.     Their  partial  clomng  by  alldo  valves  causes 

I  of  energy  through  sudden  eoutnietioui*  uud  expansions  of  the 

le  following  arc  average  values  of  the  redactions  of  eflicicncy 
"  by  partial  closing  of  the  supply  pasaagea  by  slide  ^-alves  ; — 

of  tlie  actual  opening  11     3    1 
to  the  full  opening, Jg     5    2 

iSiftio  of  the  diminished  effi- 

,     aency  to  the  maximum 

rfficicDcy, 

Sacli  diminutions  of  efficieucy  do  not  occor  whore  the  flow  is 
■  Isolated  by  varying  the  orificcii  of  diatharge,  or  by  varying  the 
'  ibdiuttiou  of  the  guide  bkdea 


h     3    0 
(336' 


Sbcttos  %~De8CTiption  of  Fariow  Turbine$. 


180.  VasMiae'a  TnrMMP,  a  parallel  flow  turbine,  the  invention  of 

FtHitaine-BuroQ,  h  ilhistiated  by  fig.  73,  which  is  a  verUcal 

aeotion,  and  by  fig.  74,  which  is  a  vertical  section  by  a 

idrical  suriaco  travendng  the  guide  blades  and  vanes,  like  that 

in  an  dementaiy  form  in  flg.  66. 

is  the  ttmk  or  reeervoir,  in  the  hoitom  of  which  is  ttift  rai^ 
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sluped  cast  iron  passage  6,  oonbumng  the  guitio  Uadcs  e,  and  rcgit- 
ktiiig  sluice  valves  d.    There  are  as  many  sluices  aa  guide  blade«, 


i\.  73. 

vncii  guide  )>lfliie  liaving  a  sluice  sliding  yertioally  behind  it  The 
backs  of  the  sluices  are  rounded,  so  as  to  niake  the  contniciion  and 
deflection  of  thti  stream  gradual.  Kach  sluioe  is  hung  by  a  rcxt  b 
from  the  iron  riuK  o,  which  is  rained  and  lowered  by  meana  of 
three  rods  marked  c,  so  as  to  raiso,  lower,  or  close,  the  wholo  of  thfr 
sluices  at  once. 

O  is  the  drum  or  annular  passoge  of  the  wheol,  containing  the 
vanes  /.  E  is  a  disc,  hy  which  the  dnuu  is  carried.  The  disc^ 
drum,  and  vanes,  nmy  all  be  cast  in  one  pieca 

F  F  is  the  hollow  vertical  abaft  of  the  wheel,  at  the  top  of  whiish 
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the  pivot,  8uiJ]X)rte<l  upou  tLc  top  of  tlie  fixed  vertical  spindle  Q, 
hick   rises  fiiom  the  bottom  of  the  tail  nuN;  witliin  tlie  hollow 
Ikaft.     The  object  of  this  is  to  facilitato  the  oiling  of  the  pivot. 

The  (limeDsiouR  and  proportions  of  turbines  of  this  class  may  be 
imried  to  suit  diffeFent  drcunistancefl ;  nevertheless  tho  following 
gireu  as  being  usual  in  pructice,  on  tlie  authority  of  Qenviut 
[onn: — 

«,  obliquity  of  the  guide  blades, sa^to  25^ 

A  obliquity  of  the  vaoes^ ao'^to  30°. 

of  ring-ahAped  paaoages — 

=  &om  iVr  to  I'l  of  mean  diameter  of  wheel. 

of  openings  bclvecn  giiido  blades,  and  between 
inches  to  G  inches, 
u  uf  wlicvl  =  dopth  of  oijcniiigft  X  2. 

i-k,  tlEi'iency,  best  six'^'d,  _    . _, 

jid  Tolumo  of  flow,  wo  Articles  173.  ,; 

173,  174,  175,  177,  Diviwon  I.,  178- 

^e  vpced  may  deviate  from  the  best 
•peed  to  tho  tfxtf>nt  of  one  quarter, 
vitiioat  materially  diminishing  tho  vffi- 
ciiiQCT.  Ar  to  the  effect  of  tho  eluioes, 
if  Article  179. 

To  ovoid  the  diminution  of  efficiency 
'by  the  lowering  of  tho  sluices,  douhU 
tmrhimm  liavc  K-on  nsed,  consisting  of  a 
pair  of  conrentrir  wheels  mule  in  one 
pipcv,  (Rippliod  with  wat*T  by  a  tiimilar 
■air  of  comx-ntrit  annular  supply  [las 
■Bea.  Each  of  thi>!K!  ptu^sagf.i  hn.s  it.s 
|Hfe  ipt  of  &]uicc>»j  hung  from  on  imlopLMi- 
«Rit  ring;  no  tliat  fittier  division  of  the 
dftuWf  «ltii-l  can  have  its  supplyof  water 
tn:  i-^ure.     Thiis  the  power  of 

lie  -  ^  siibe  variedina  projMJrtiou 

jBMaading  that  of  two  to  one,  without 

ae«eau(y  for  employing  very  cuutnwtcd  oriSces,  and  conse- 
Imtlj  wasting  energy. 

181.  J«inl^  «r  KaMUiH**  TatMae,  tJie  invention  of  M.  Jonval, 
nd  DMule  by  Messrs.  Koecblin  &  Co.,  resembles  Fontaiut^'s  tiu'bine, 
)Hth  the  whe«?I  worLing  in  a  vertical  tHction  pipe  (Article  105) 
in  which  tlie  preSBuro  is  below  that  of  tho  atmospliere.  This 
•aafalea  the  whe**!  to  be  ploceil  at  any  convenient  «lt?vation  not 
iMeodisg  the  head  equivalent  to  ouu  atuioHpbcra,  abovu  the  level 


FiR.  li. 
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of  tia  waAee  at  the  tul  lace,  iritfaoat  incamog  (u  mm] 
CMie  in  the  abaenee  of  the  loetion  pipe)  a  loa  of  Mad  eqi 
dropfTTMntbebottomof  tkewbeel  to  the  water  lerd  of  w 

1^±  v««raeTT««'«  TwMMk  oiM  of  tiie  earliest  and  bea 
oC  tarbdues  with  guide  btade^  is  an  pvUoardflom  MrM 
•MOgK  atio  of  the  outer  to  the  inn«r  radius  of  the 
n  =■  J^,  and  tlie  d^Ah  of  tlie  wheel  ii  about  eqnal  to,  i 
greater  than  tlio  brcaidch  of  the  qrowua. 

An  example  is  represented  in  tgft.  75,  76,  of  wfaidi  fi 
vwtical  section,  and  fig.  76  a  seetioDal  plan  of  the  wbed 
ejrUnder,  showing  the  fonn  and  anrnngement  of  the  gnii 
aad  ranee. 


"^i 


A  it  the  tank  or  penstock ;  B,  the  mippty  cylinder, 
MnMHMUt  fur  uoderttto  falls;  for  vut;  tugh  falls  the  . 
be  bcwight  down  from  a  reservoir  to  the  sopplj  cylinrler  « 
ikhi^  twutenoe  must  be  alla«'»l  for  in  det^-rmiuiiig  the 
lall.  /" 


wocwsETwaa^M,  m. 


)  CT&idcr  B  oonuti  «f  two  ooneartne  ubet : 
■lides  Ttthin  h  Hka  t^  nocr  tdbe  id 
and  lowcnd  bjr  inmis  of  An 
&     ir«artbe  upper  edge  of  fkA 

tube  u  ft  lestber  eoQu;  to  Bftka 
joint  betveen  it  aad  the  cnbm 
wmtcr-ti^it.     The  knrcr parts 
:  the  inner  txtbtt  Mto  MftKipdKtiM; 
for  all  Uw  orifioH  St  OBM.    It 
find    to  it*   itttcnsl   waaAeo 
blodo,  ao  shaped  aa  to  nmnd 
tte  turns  in  the  ootme  of  the 
towards  thoorifioim 
The  bottom  of  tlie  mpplx  cylinder 
fbnneti  bj  a  fixed  disc  C,  vfaicfa  i* 
bj  ban^ng  at  the  lovtr 
a  &ced  tci^cbI  tube  «'«**'*™""^  the  ifcafL 
guide  1>1iu1g& 
D  are  the  Tsaee  of  the  «4eeL     la  the  -—"iJ*  ifaown, 
between  the  Tanes  an  divided  into  three  seti^  or  i 
hy  two  intermediate  crowns  or  horisontal  liiig  Jinird  pertH 
The  object  of  this  is  to  secure  that  the  |SBSgiin  shall  he 
hw  the  stream  at  three  di&rent  eientaans  oi  the  dniee,  and 
I  to  ■nF"*"^^'  the  lose  ai  aficieacjr  which  oocon  when,  tike  opttiag 
'^tfae  sloioe  is  snuUI. 

E  is  the  disc  of  the  wheel ;  T,  iu  shaft ;  G,  the  tail  tace. 
Thtt  pivot  nl  the  lower  end  of  thm  shaft  is  eo|]filied  with  oil 
small  tube  seen  tn  the  figure,  which  is  laid  down  one 
I  and  along  the  bottom  of  the  tail  race,  and  rises  dbecUj  below 
jirot. 

K  H  is  a  Irvcr  whidi  supports  the  step  of  the  pirot,  and  is  itnlf 
j  eqiportod  by  iisM  beaiingft  at  K,  and  by  a.  rocC  l^  which  cu  be 
fUHd  or  lowered  bj^  a  screw,  so  as  to  adjust  the  wheel  to  the 
l^popcr  levi'L 

1B3.  TkHmm  0«iw«rd  Flaw  TnfcisM. — Ad  improTemeDt  in  the 
jy  ajipomttis  of  Fourufj-nni's  turhiije,  introduced  bj  Mr. 
■Dbocher,  is  to  vaij  the  supply  openings  when  reqaired,  bjr 
or  lowering  the  disc  C  which  carries  the  goide  blades,  hy 
of  a  screw  at  the  top  of  the  tube  to  which  it  is  fixed.     Thu 
with  the  neoraai^  for  an  iulenul  sliding  cylinder  within 
'fixed  sujiply  cylinrfer. 
Another  modificattoD  of  the  regulating  appaiatus  of  Fonmcyron's 
le,  by  M.  Callon,  is  to   moke  the  sliding  vertical   tubular 
ireiul  Bvgmcuts,  wliich  can  be  opened  or  shut  sepunteljr. 
mt  the  drowning  of  Foumeyron's  turbine,  &L  Oixard 
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added  to  it  a  bell,  or  fixed  vertical  cylinder  with  the  mouth  don 
'Wards,  which  dipH  into  tlio  tail  moo,  and  within  which  the  wIm 
wortu.  A  aulficieut  qiiaatity  of  air  ta  enclosed  in  the  bell  to ' 
the  siirfaoo  of  the  wainr  within  it  below  tlid  l^^vel  of  the  wlud 
[and  the  gradual  low  of  this  air  by  leakage  aud  ditTusiou  m 
iter  ift  supplied  by  means  of  a  iuuall  forcing  nump.  It  is 
3urse  the  level  of  tiie  water  in  the  tail  race  ouisxde  uio  bdl, 
is  to  he  Ittkni  into  account  in  eAtimating  the  a\-al]able  head. 

It  IB  probable  that  the  elFuct  of  thia  may  be  to  make  t2ie 
inieuie-mr/ace  sp^d  Oj  r,  and  the  maximum  efficiency,  the  sane  b8 
jiantlUtl  flow  turbint'ii,  viz.: — 


35^-^  =  2^(1-^)  =  ^^^^^^,.... 


(I.) 


.(1) 


1  —  h"  being  from  -75  to  -8,  and  ou  an  average  about  78. 

184.  bmcUau  irheck. — This  class  of  wbeeltt,  of  which  the  tiieoi 
baa  bifu  Kivoii  ill  Articles  176,  177,  Division  IIL,  and  Ul 
oomprefaemla  all  turhinet  wUJtoul  guide  blades,  of  which  a  gna 
variety  have  l>ocu  contrived  and  used  The  earliest  form,  wd 
known  an  "  Barker's  Mill,"  diBchorged  the  water  fi-om  orifices  i 
the  euds  uf  straij^ht  tubular  arms  jirojectitig  fvom  a  hollow  ehafl 
The  friction  of  the  wat«)ir  in  tlie  arms  caused  considerable  In 
energy.  Tubular  arms,  cur^'c<l  in  various  ways,  were  allorwi 
employed ;  but  it  is  ohviotis  that  in  any  cur\'fHl  arm  the  frictaoi 
must  i>e  greater  than  in  a  straight  aiiu  of  the  K»me  diametor.  Hi 
best  form  is  one  more  or  less  resembling  fig.  71 ;  that  is,  a  hoQoi 
disc,  with  projections  leading  the  water  to  nozzles  of  a  fba 
appiTiximatiug  to  that  of  the  coutmcted  veio.  In  ths  figure  ther 
are  two  nozzle-a ;  but  three  are  better  calculated  to  insure  st«a4 
motion,  pronded  they  are  exactly  lumiJar  and  equal. 

The  best  mode  of  r^ulatiug  the  flow  is  tliat  introduced  1 
Messrs.  Whitidaw  and  Stirmt,  of  having  the  regulating  valves 
the  oriflcea  of  discharge.  This  insures  nearly  ec^ual  efficient  at  i 
i^icuings  of  tho  orifLccsL 

The  beat  mode  of  making  the  water-tight  joint  between  Ul 
supply  pipe  and  di.<ic  is  that  Hketched  in  fig.  77.  A  is  the  supfil; 
pijie ;  B,  thii  wheel,  or  hollow  disc ;  C,  tho  vertical  shaft ;  D, 
neck  of  the  wheel  through  which  it  receives  the  water.  Near 
end  of  the  neck  is  an  annular  recess  containing  a  cupped  lealki 
collar,  within  which  tits  a  t\ibe  E.  The  outer  edge  of  this  tttl)C| 
scraped  to  a  true  plane,  is  pres-sed  by  the  pressure  of  the  water  tfn 
ilie  eguai  area  of  the  inner  edge,  against  the  truly  |iluuc  suriace 
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aor 


nf.n. 


tbe  fl&nge  F  of  tbe  nipply  pipe,  qpoo  wUdi  flnge  H  tmiB  nmad, 
nuking  a  good  JoLut  with  rerj  UtUe  dioCiaB. 

AooUier  rorrn  of  Uiu  amuigenMBt 
cooeists  in  haWng  Uit:  >onn1«r  netm 
and  collar  witbin  which  the  tube  E 
tti,  ftt  the  end  of  tho  supply  pipe,  and 
ttie  flange  a^iut  which  the  ootsr 
•^  of  the  tube  preaua,  at  tho  end  of 
tiie  Deck  of  the  vhed. 

To  diminish  as  mnch  aa  ponbSe  tlie 
fiictioD  anU  wear  of  pirota  or  other 
bearii)g»,  the  rertical  shaft  ithoald  he 
loaded  with  a  weight  sufficient  to 
Whwce  the  preasote  of  tbe  water  oa 
ihe  area  of  the  openinipi  of  the  oeck 
of  tho  wheel,  or  of  the  wpplj  pipe> 
wbichrrer  ia  the  greater. 

Aoothcr  mode  of  balancing  the 
priiwure    is    that    deriaed    hy    Hn. 

<'«chcr,  who  has  in  some  casts  employed  a  vtrtieal  ovtward 
.  iible  turbine:,  oonststing  of  a  pair  of  reactkni  wheds  at  tlie 
two  emli  of  oav  hurizontol  Bhul,  vappliod  from  tbe  sane  inteiafee- 
diate  hohmnuJ  snnplj  cvUnder,  to  which  the  water  is  intndaced 
Ij  a  pip«  at  one  ude.  ifbis  eonstractioo  is  aoitable  to  hi^  Uk, 
nd  possesses  a  further  advantage  in  the  &ct  that  the  AmU  nsla  oo 
hocxKnitiU  journals  and  bearings,  which  are  moiv  auslj  kept  in  osifcr 
ikan  pivots. 

IS-o.  ThMiPm's  TwMau  m  totmx  wtorf.— Thia  vbed,  Qm 
i&vontiou  ot'  l*rofesaor  James  Thomaon  of  Queen's  CoUece^  Beiftal, 
ii  the  only  example  jet  in  use  of  the  immrti  fiem  hgphiB,  vboae 
gratTul  thuoiy  baa  betoi  nplaizied  in  Sectioo  I  of  tbe  iraeit 

tLc  following  descriptioD  is  for  tbe  mosi  part  extmcUd  from  a 
pftlKT  by  tho  invfntor  in  the  Report  of  the  W^^tifg  of  tbe  Brttiib 
AMOriation  in  18j2. 

There  is  a  diflercnce  in  the  constraction  of  this  tvrhise  Cor  Ugh 
^  ind  for  low  fklbi,  analogous  to  that  which  ia  fboad  ID  Fovsejrm^e 
inrbiiic- ;  that  ii  to  say,  for  low  (alls  the  supply  H—iaNrr  mar  be  an 
open  tank ;  while  for  high  &Ua  it  mnit  genmllr  he  a  doaed  vasael, 
iQpplicd  by  a  pi]ie  from  an  elerated  feaerrmr.  fig.  78  ia  a  rertknl 
swtion,  and  fig.  79  a  horizontal  section  and  |dan  of  a  hi|^  |mam 
rort'-T  w)i>^i-l,  fur  a  fall  of  about  thirty-seveo  fael,  Hm  dbHaMOi 
t>\    •  ires  are  ^i  of  the  real  dimetuions;  a  diagiam  tjtfmxtrf 

ti.-  a  a  somewhat  lar;ger  scale  is  added,  to  show  ths  mm 

Ibe  hUt^A, 


SOS 
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A  A  is  the  whe«1,  B  ibt  t<bafl.     The  whoel  oocupiM  the  tahtU 
cJumber,  which  ia  Hm  ceutral  port  of  the  upper  division  of  a  6troog 


Fig.  78. 

oast  iron  case  C  C.  The  lower  division  D  D  of  that  osse  is  caOed 
the  tuppiy  chajiiber;  it  receives  the  water  from  the  fmpply  ptpe  B, 
and  deli^-ers  it  throogh  four  lai^e  openingB  mai-ked  F,  into  the 
fftUde  blade  chambvr,  which  is  the  outer  part  of  the  upper  division 
of  the  Cfi8&  There  are  four  ffiiide  hlfulcn  m)u-ke<l  G  ;  the  figure  of 
each  of  them,  near  the  wheel,  U  nearly  that  of  a  quadnnt  of  tlui 
same  rodiiui  with  the  wheel ,  boyond  thn  qundrantal  portion  they 
are  sometimes  straif^ht,  and  soiuotimeA  curved  the  rereine  way. 
The  four  openinga  nmi'kcd  }{,  botwoen  the  guide  bladea*  regulator 
by  their  area,  (Op  Article  178),  the  volume  of  wat«r  ntppUed  p«r 
f(M»>nd,  and  conseqnfmtly  the  power  of  the  wheel.  To  viuy  tluiM 
openingH,  the  guide  blades  are  moveable  about  gadgeona  neur  their 
pointA,  seen  as  nmall  circles  in  tig.  79  ■  these  gudgeons  are  sank  in 
the  roof  and  floor  of  the  chamber,  and  do  QOt  impedo  the  Qow  of 
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K     Th»  gnide  blades  are  connected  by  a  wt  of  lercn  aud 
tfa  a  spindle  K,  hy  turning  which,  they  can  all  four  be 


Onoe,  «o  a*  to  mako  auy  requtrM  anele  (■)  with  the  cir- 
koe  of  thfi  wbeeL  (The  advantages  of  thia  mode  of  regttla* 
k  already  been  stated  in  Article  179.) 
rater,  after  paamng  through  the  paKRagea  between  the 
f  tbc  vheel.  i»  deliver^  into  the  central  opening  of  the 
k  nearly  Bs  poaBiWe  without  auy  wliirliug  motion  left;  it 
■niH  st  once  upwards  aud  downwards  through  the  two 
pf  dut  opening.  L  L  are  two  pieces  called  joint  rings, 
[thoaB  ceutnl  ouUeU,  and  acyoftted  by  means  of  studs  and 

•a  to  eome  aa  close  to  the  wheel  as  is  possible  without 
[agunst  it,  in  order  to  prevent  leaking  of  water  between 
tA  and  its  case. 

pwer  end  of  the  ithaft  fiMaps  thmugh  an  oUtight  stuffing 
I  the  pivot  box  M.  and  terminates  in  an  inverted  cup,  coo- 
^  concave  famss  disc,  which  rests  on  the  convex  top  of  a 
tel  pio*  The  pin  is  fixed  in  a  bridge  N,  and  is  capable  of 
^to  tbe  proper  level  by  meana  of  a  cnJHS  Itridge  O,  with 
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Bfr.  Thomson  states  in  a  note,  that  he  has  found  that  tlie 
last  well  withoat  oil,  hy  aiinplj  admitting  the  firee  aooea 
water.    Of  late,  lignum-vitiB,  aet  endwise,  and  kept  oonsUntly  wet, 
has  been  found  a  good  material  for  the  bearings  of  sodi  pivots. 

Four  vertical  tie  bolte,  marked  F,  tie  the  top  and  bottom  of  the 
case  together,  to  enable  it  to  resist  the  pressure  of  the  water. 

The  value  of  the  ratio  n  of  the  internal  to  the  cjtterDal  radius,  b 
those  turbines,  is  usually  ^  ;  that  of  the  obliquity  of  the  inner  ends 
of  the  vaniat  &,  ranges  from  30°  to  45°.  Applying  the  formube  cS 
Articles  175  and  177  to  these  data,  and  assumiag  the  loss  of 
energy  by  frictiun  to  be  one-fifth,  w>  that  1  —  £"  =  -8,  we  find  the 
following  results : — 


4f 


^  =  -^ 


•693 
•685 
•667 


96 

■93 
•89 


1-6^ 
•77 
7' 


Efficiency.. .(1.) 


These  resolta  are  in  accordance  with  ihe  fact,  that  the  average 
efficiency  of  vortex  wheels  has  boon  found  in  practice  to  bo  about 

•m 

The  veloci^  of  the  water  in  t^ie  opcuinga  between  the  guide 
blades  ia 

Vj  sec  »^ZjBeca  J  2ghj ; (2.) 

the  effective  area  of  those  passages  (taking  e  =  -9  for  the  co-efficient 
of  contraction)  ia  very  neariy^ 


0|  =  -9  X  2«T6ain«; 


.(a.) 


L  Tl 

^^k        form 


where  fi  is  the  dear  depth  of  the  guide  blade  dumber;  hence  the 
volume  of  flow  is 

Q  =  Oit>i8ecii  =  -9  x2»rA-tan« ; (4.) 

and  the  angle  »  of  obliquity  of  the  guide  blades  required  to  deliver 
a  given  flow  per  second,  may  be  computed  by  the  funoula 

*"*=9-ir377ft' <'^> 

bnt  care  shonid  be  taken  to  make  r  and  b  such,  that  tan  «  doriDg 
the  ordinary  working  of  the  wheel  shall  deviate  as  little  as  poaaibls 
from  n  tan  fi  ;  that  is,  with  the  usual  pivportions,  ^  tan  18.  Tha 
Rttsons  for  tins  are  given  in  Article  173. 

The  crowns  of  the  wheel  shown  in  the  figure  approximate  to  tks 
form  recommended  in  Article  172. 
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or  ruonhoS'TLvio  impui^b  ENoiKsa. 

IS&,   MmtwaAmttmrr    KiplBHmtl«B«.  —  In  tho  ongioos  to  which  the 
it  Cliu[)t4:r  r<Jatcs,  niotiou  ugiuust  rciustaucc  la  jirodueed  iu  one 
of  fluid  by  the  direct  impuiisc  uf  auuthcr  {wrtiun  of  fluid,  tho  ^ 
portion  of  the  fluid  doing  the  duty  of  a  float  board,  or  vana; 
macliine-a  nmy  be  diiidcd  into  two  classM — 
JL  Thoee  in  which  the  energy  of  a  iiuuH  of  liquid  descending' 
I  ft  anuH  height  iii  made  to  raise  a  small  portion  of  tliat  muss  to 
height :  this  chii«  conaista  of  tho  '*  Hydraulic  liattu" 
Thotie  iu  which  a^troaiuof  fluid  moving  at  thtit  with  a  certain 
nty,  drivf:!  and  LurriL-»  uhiug  nith  it  an  additionnli^treani,  the 
'  iCrauns  finally  mingling  and  moving  together  with  a  velocity 
iUmui  tliat  of  thv  driving  slnum.     This  chute  oomprehcuda  the 
;pamp,  ihe  water  blower,  the  blast  pipe,  and  tlie  injector. 
'  17.  MftruMtir  MtuM — TTiin  machino,  a  well  huowu  itiveutioo  ofi 
ier\  ia  used  where  a  considttrablo  (low  of  water  with  »j 
&11  la  avaihible,  to  raise  a  amall  jKjrtioa  of  Uiat  flow  to  a' 
r  exceeding  tliat  of  the  tail. 
'VDpiily  it   iiitfa    water,  a 
to  be  erect«d   acixiss  a 
•o  as  to  form  a  poud,  as 
water  wheel     From  the 
part  of  that  pond  comeri 
jply  pipe  A,  tig,  80.     Iu 
of  that   pipe  is   tho 
valve  chaml^r  B,  contain- 
■  c»iii<'al  clack  which  njn-n.s 
iwuiiIh,  and  which  ia  lavf^ti 
ih   to  let  tlie  How  of  tho 
iy    pi|ie  imss  without  con- 
D  is  the  tail  nw*,  for 


TU, 


FW3 


i-.£.  sa 


away  the  water  which  escapes  from  the  waato  valv& 
At  the  end  of  the  supply  pijMj  ia  a  amall  air  vcMel  C,  for  dimimah-J 
;  the  ^'ioIealca  of  shocka 
are  clacks  opening  frum  the  supply  pif*  into  tho  lar;goT 
r  nir  vcbkI  F,  from  tho  bottom  of  which  the  discharge  pipe  ii 
to  rise,  for  the  purjioee  of  conveying  a  certain  poiiiuD 
to  the  tvquirod  eitf\'ation. 
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teen  foiuul  by  experionco  to  Iiavo  the  foUoving  ftTerag« 


qh        2         , 


.(2.) 


Ufl  ^  ««  Paspu — Thifl  machine  works  by  moans  of  the  tcndencv 

[■•traun  or  jet  of  6uiil  to  drivu  or  cany  coutiguons  partjclcs  of 

--*  along  with  it.   The  f^eral  natuTB  of  it«  coiurtructiou  in  repr*- 

■■*  bj  fig.  81.    A  ia  the  jet  pipe,  by  which  a  sufficient  supply  uf 

is  brought  &om  an  elevat«<i  soiirce  \  B  la  th«  tuctiou  jiipe,  by 

A&uther  portion  of  wator  in  dmwu 

Iirw  level.     0  is  tbo  contruct<!d 

of  tbe  powage,  at  or  a  littlu  bebiiid 

ia  the  dozeIo  of  tlie  jet ;  D  is  Utu 

-luouthbcl  vpout  in  wliich  the  jet 

with   the  strettta    from    below, 

IM  it  forward,  and  causes  a  diminu- 

of  presmre  behind  the  nonle,  and  in 

sQction  pipo,  Bufficient  to  make  Uio  _^ 

Contrivances  dei>ending  OQ  the  same  principle  with  Uus  machine 
vn  long  been  known  ;  bat  the  water  jet  pump,  in  ita  prcflent 
,  was  invented  by  Frofeaagr  James  Tbumson,  and  fintt  dewrlbed 
,  tbe  Beport  of  the  British  Aaaociatioii  for  1  Ho2.  In  the  report 
[tfastbody  for  1853,  Mr.  Thomson  publit>hod  the  rceuJta  of  eome 
ita  on  a  small  aoale  as  to  tho  etticiency  of  the  jet  pumjx 
girutctit  efficiency  was  found  to  take  place  when  the  depth 
which  the  watej*  was  drawn  by  the  miction  pi])6  was  about 
of  the  height  from  which  the  water  fell  to  form  the  jet ;  1 
flow  np  the  Buotion  pipe  being  in  that  case  about  uttM-jyih  of] 
of  the  jet,  and  the  efficiency,  conseiiuently, 

Tlus  is  but  a  low  efficiency;  but  it  is  probable  that  it  may  be] 
'  by  intprtivements  in  the  proportions  of  the  machina 

Rio  WATES  iiLonKBf  in  which  a  shower  of  water,  falling  in  dropa 

a  vertical  cj'liuder  with  holes  in  its  side^,  carries  a  current 

,_  air  down  with  it,  which  is  expelled  through  a  m.zzle  nau*  the 
bottom  of  the  cylinder,  is  a  machine  on  the  same  principle  with  tho 
^  pump.     Its  etliciency  is  said  to  be  about  U'15. 

The  ULAifT  PIPE,  tlie  most  ijnportant  of  George  Stephenson's  ira- 
mvements  in  the  locomotive  t-ugiue,  ia  im  example  of  the  muuu 
kind  of  action,  which  will  be  nu-ntionrd  ngniu  in  its  proper  plaw  : 
Kobo  is  All.  Uuruey  a  steax  jst  V£iaxLAXOU  for  minw 
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or  wixowLLa. 


IS8L 


The  OMrgy  of  the  wiod,  in  dm 


fin 


■^^^ffl,  it  cxcrfced  opon  &  wheel,  or  Tan,  consisting  of  four 


cdU  «ai2i;  ndiating  from  a  boruontal  or  alight 


iaefitied  ^aA  edted  Ab  wind  »kajt^  which  is  kept  alwaj* 


TW 


the  wind. 


laa 


Ikft 


of  tfe  vind  shaft  to  the  bomon  is  from  5^  to 
ilka  tike  aulf  nrolve  clear  of  the  tower  or  ot 
BtaiMt^iiua 

M^adi  of  enabling  the  wheel  always  to  face 
I  wS^  the  whole  machine  with  its  frnmewc 
ipOB  ft  pirot  on  the  top  of  a  vertical  post. 
A*  vnid  ckHDgRf  hj  means  of  a  long  borizontol  \z\ 
mMT  m  *iirt  ukUZ,"  there  is  a  fixed  tow«r 
the  e^snpporto  the  wind  shaft,  and  is  turned  to 
m^atk  tin  wind  blow^  by  appantua  which  is  sor 
br  baftd,  bat  oftener  Belf-actiiig.     The  ivmaindc 
I  ■  SHfj^KKted  by  a  statiooaiy  fouue. 
tt  •  inwiBill  sail,  or  the  angle  wfaicji  it 
afmshlBM.  H  called  its  tuatfter. 
iiHi  virw  of  th«  frame  or  skeleton  of  a  cont 
C  is  the  isd  of  tbe  wind  shaft,  from  1^  foot 
a-  m^wtmd:  froB  6 ineikes  to  9  inches  in  diameter, 
r  1 V  *  tbr  at^  M*  "^^  of  one  of  the  sails,  nsnally 
%« 1^  tr  ^1  ^i^&  ^  aelkrt  to  10  inches  square  at  tlie  t 
l^^^i^i  if  lAMsedkBCuioBsat  the  outerend.    From 
■Km  tete«Wt^"^—^lMkder  wooden  rods.  fr<om  Id  to 
^y  ^^    A  t  «  1^  ImAiS  or  fiireniDSt  cdj^  of  the 
'    lies  along  the  whiji  ttwlf:  in  j 
Ibe  Uadmff  tail,  extends  before 


1  tr-^-** 


jf  dbe  sail,  as  seen  ed^ways ;  fi^.  84  is 
I «  «ga  iMidwvrs,  in  which  U  P  uid  O  Q  nhow 
^  A  iks  *c«  axtd  at  the  inner  end  of  the  soil 
^  ^  t**«s  »>*  bcw  the  tentW  gradually 
to  the  tip,  for  reajnni 


t  leading  aail,  when  thera  ia  om,  is  nmuillT  covered  with  thin 
b;  the  main  hotly  of  tha  aail,  either  with  canvas,  or  with  & 
er  of  narrow  boards  caJled 
,  apable  of  being  adjust«d  ,--n 

kroit  mngles,  in  a  manner     «/'' 
iftcrwartis  tI.'s..-ril>ocL  piLT^X 

€>C»e«U  l»iteclpl«a. — The 

ion  of  the  art  of  dcstgnizur 
liUs  to  general  prindplee 
KMit  whoUr  due  to  an 
mental  investigation  by 
m,  oommonicated  to  tlie 
Society  in  1759,  and  re- 
lied in  Tredgold's  Tmctt 
idmatliea. 
anaml  principles  esta* 
t  oy  Smeaton  are  -t6  a 
t  extent  o^ble  of  being 
•ed  by  a  proper  adapta- 
r  the  ffniDule  of  Article 
7aae  Y.,  equations  49  to 
term  being  aubtractod  to 
mt  loea  of  energ)'  by  fric- 
etweeD  the  air  utid  the 
I  follows ; — 

D  doDoto  the  weight  of  a 
Tcmt  of  air ; 

ibe  volume  of  air  which 
n  the  aftil,  nr  part  of  a 
mder  consideration,  in 
Seet  per  seonnd ; 
IB  velocity  of  the  wind,  in 
sr  Mcond. 

be  taken  to  represent  the 
mJ  area  of  the  c>'lin[Ier, 
itnlar  cylinder  of  wind 
[h  wliidi  dm  sail,  or  part 
dl,  in  qneation  sweepti  in 
tUBe  of  ite  revolution,  wc  may  put 

•  co-efficient  to  be  fotmd  empirically. 
It  is  difficult,  if  not  impossible,  in  the  present  Rtate  of 
edge,  to  distinguish  between  that  factor  in  tho  power  of  s' 


,  which  depeuds 


of  wind  thiat  ucta 
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and  tliat  hxAoT  which  expresses  tlic  diminution  of  efficiency  by  tlie 
fiiotion  qfthe  skajl,  it  iB  best  to  mttke  tbo  co-efficient  c,  in  the  above 
eqoAtiou,  compivheod  the  allow&iioo  for  that  friction  :  and  this 
being  understood,  it  appears  firum  experimental  data  by  Snicatoit, 
to  be  ftfierwarda  referred  to,  that  for  a  vrindmill  with  fonr  sails 
promirtioned  in  the  bent  manner,  if  « l>e  taken  fur  the  sectional  area 
of  the  toftoie  cylinder  of  wind  iu  which  the  wheel  rotates, 

e  =  0-75  nearly .<2.) 

The  fricHon  of  the  air  will  be  scjiaratcly  allowed  for. 

Let  ^  denote  the  u/eath«r  of  the  aail ;  then  because  the  direotaon 
of  motion  of  each  point  in  the  sail  is  perpendicular  to  Uut  of  the 
wind,  we  must  make,  iu  the  foi-mulie  of  Article  14i, 

3  =  9(r  —  {;  and  COS  )  =  sin  {;; 

Consider  a  narrow  band  of  a  sail  at  a  given  distance  from  the 
axis,  and  let  u  be  ite  velocity. 

Tlio  iMoJci  velocity  of  the  wind  relatively  to  this  band  is  Jt^  +  v^', 
and  as  it  is  probable  that  the  energy  lost  through  the  &ictioa  of 
the  air  is  propoi-tionat  to  the  square  of  that  velocity,  we  may  put 
for  that  lost  energy,  per  pound  o/Oie  auiing  ntream  o/ioind. 


/• 


g»  +  M« 

2jF    • 


(3.) 


/being  a  oo-efflcient  of  friction,  to  be  found  euipjrically. 

From  data  by  Smeaton,  to  be  afterwards  referred  to,  it  appears 
that  the  probable  value  of  this  co-efficient  for  the  best  taiils  is 

/=  0-OIG (3  A.) 

Then  modifytug  the  symbols  in  equation  50,  as  already  described, 
and  deducting  the  loaa  of  energy  by  aerial  friction,  we  find  for  the 
useful  work  per  second  done  by  the  action  of  the  wind  on  the  band, 
or  hands  of  sail,  that  sweep  tjirough  the  stream  of  air  whoae  aeo- 
tiomU  area  is  e, 

B  tt  =  c  D  «  v '  g- I  2«»  •  008  Csin  C-tt*{2  aiu*  C+/) -/"»  } 
sc  DsD -^  I  Mf» -siu  2  ^^«i>(l -cos  3  f+y)-/**  }  (*•) 


D«t* 


Dividing  this  by  —= — -,  the  whole  energy  per  aecund  of 


tho 
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of  wind,  ve  find  for  the  ^idency  of  the  actum  of 
^  =  c{^am2f-^*(l-co«35'+/)-/}...(5.) 

The  rmtia  of  tLp  speed  of  greatest  efficiency  for  a  given  weather  ^ 
I  tfiA  speed  of  tlio  wind,  is 


V  ~3(l-oo8  2C+/)' 


.(G) 


Tlie  efficiamy  oOTrespouding  to  that  speed  is 


the  useful  work  coirwpouding  to  that  efiicieuoy 


-/} 


2(7U(l-co8  2C+/) 

The  followUig  are  some  examples  of  the  reRults  of  theeeformuln^j 
as  already  Btated,/=:  0O16,  c  =  075  :— 

}•            263            024 ) 
23'  '-86  029  V (9.) 

It  vill  afterwards  be  shown  within  what  Limits  these  formulie  are 
)Ie. 

IfiO.    The    Bmi   F«*m  sad  Prap«nlona  •/  Balbt    as    det«nmiied 

itally  by  Smeaton,  are  as  follows  : — 

X.  85r  A  is  the  wind  shaft ;  A  0,  the  whip  of  one  sail ; 

C,  the  main  or  foUnwins;  divlaon  of  the  sail,  which  ia 

igular;  B  F  0,  the  leading  diTiaioD  of  the  sail,  which  ia  trion- 


The  following  are  the  best  proportions  : — 
AB  =  iAO;BC  =  |A^; 

BD  =  CE=:iA^;  CT=-^A~C 
5         '  15 

The  following  are  the  best  yaluea  for  the  angU  of  woather  ut 
'iaffiovat  distancva  famx  the  axis  ;— 


.(1.) 


VATKB   POTXB  ASD  TTISD   POWEB. 

BjgteDoe  in  aixtJu  \  123456 

^f^TB, f  (fijBt  bar)  (tip) 

Weftther.C, 18*     19'     ^^     16^     "'4     7' 

c      p       191.  Th«  nmm  »rMd  for  the  Hp$  qf  th* 

'      veftthered  aa  ibovc,  was  found  by  Kmeftton  to ' 
about  3-6  times  the  velocity  of  the  wiiid;  that] 

for  f  =  r,  «i  =  2-6  V (1. 

It  18  from  this  experimental  result  that  the 
of  the  00-efficient  of  friction  employed  in 
189  has  been  deduced,  vit,/:=  OOIG. 

The  result  computed  in  the  same  Jhriiclet 

for  C=  19',  ^  =  1-41,  indicates  that   19°  i« 

V 

proper  angle  of  weather  for  a  point  about  tli* 
middle  of  the  sail ;  which  is  confirmed  by  experi- 
ment ! 
Flff.  Bftw  "^^  application  of  the  formulis  of  that  Artade  m 
all  parU  of  the  sail  would  give  it  a  slightly  oonrsX; 
Kurfnce ;  but  Smeaton  found  a  slightly  concave  iorface  (as  indicated ' 
by  Table  2,  Article  190)  to  be  somewhat  more  eflicient ;  upon 
which  ho  ohBPrvefi,  "that  when  the  wind  falJs  upon  a  concave  snr- 
faoo,  it  is  an  advantage  to*  the  power  of  the  whole,  though  CTeiy 
part,  taken  neparately,  shonid  not  be  dis]>oned  to  the  best  advantage. 

It  further  appears,  that  the  formiilse  shuuld  not  be  appued 
WtwiHm  the  middle  and  the  inner  end  of  the  sail,  it  being  be^er  to 
prcsen'e  nearly  t]ie  sameaugleof  weather  throughout  that  part  of  it 
1 1^3.  Power  MMd  E«ici«BCT> — The  etfcctivc  power  of  a  windmill, 
a«  Smeaton  aaoertAined  by  experiment,  and  as  equation.t  4  and  8 
of  Article  189  indicate,  varies  as  »,  tlie  gectioTtal  area  of  tie  acting 
tlnoMt^wmd,  that  is,  for  similar  wheels,  fM<A0S9Uareso/'fA«rru/tt\ 
The  value  0'7J5,  assigned  to  the  multiplier  c  in  Article  189,  is 
foiiiidi'd  on  the  fact  sscortamed  by  Smeaton,  that  the  ejfective potost 
v/a  windmill  vAUi  mitt  v/Oie  best  form,  and  about  IO4  /M  radiiu, 
witA  a  hrnesA  of  13  feel  per  tecond,  is  ahwt  one  hors»itoteer.  In 
the  oomputations  founded  on  that  fact,  the  mean  angle  of  wc«tbcr 
gUmada-lS",  and  /=  016  as  befortiL  Then  making  the  ndios 
A  B  S3  Tf  and  the  area  of  the  cylinder  of  wind 
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tjve  power  &t  the  best  upeed,  when  Uie  tipi  of  tlra 
r«t  2*6  times  the  speed  of  tbe  wind. 
To  find  tbe  effective  power  nt  any  speed,  equation  4  is  referred 
wliich,  when  ^^13°,  beoomefr— 


B«-0-7fl 


^9 


r*  {  0-438«»— 0-117 u«—0-016t^ 


}(3.) 


The  value  of  D^ — the  weight  of  a  cubic  foot  of  air, — maj  be 
jotmd  exactly  by  means  of  Tables  IL  and  III.  at  the  end  of  thid 
Tolnmc  ;  but  taking  it  on  an  average  at  0-07d  lb,,  the  above 
formula  become, — 

Ri«,.0-022  3^.,r*; (1a.) 


Bw=  0-056 


f/"-!- 


9 
438wi--0-llTtt»-0-016i-» 


}(2a.) 


From  equation  1  it  appears  that  a  wiudinill  of  the  best  form  and 
proportions,  witli  the  tips  of  the  sailn  moHng  at  2-6  times  the  speed 
tit  tha  breeze,  has  an  effective  jxjwer  equal  to  iVa  of  the  actual 
enny  of  the  cylinder  of  wind  which  passes  it  in  a  second. 

1»f.  Taww  nuL— «cW^«Ukc  Cay. — Fig.  86  is  a  vertical  section, 
•nd  fig.  87  a  horizontal  section,  of  the  top  of  a  tower  loilJ,  with 
its  Klf-aoting  cap. 

A  A  A  is  the  tower;  B  I)  B  the  cap,  whoK  lower  edge  is  an 
mm  ring,  resting  on  a  circle  of  rollers  which  re«t  on  another  iron 
ring  on  the  top  of  the  tower,  and  are  kept  at  their  proper  distance 
«put  \)j  nn  intermediate  ring  R,  in  which  their  axes  have  bearings. 
MfttfOfa  are  blocks  with  horizoDtal  guide  rollers. 

C  ia  a  circular  rack  fixwl  to  the  top  of  the  tower, 

8  is  the  wind  Mhaft,  carrying  a  bevel  wheel  D,  which  drives  a 
biral  wheel  on  the  upriglit  »huft  X,  through  wliicU  motion  is  given 
to  the  otachiDery  of  the  mill. 

From  the  hack  of  the  cap  projects  the  frame  L  L,  carrying  the 
Im  M,  which  through  a  train  of  wheelwork  marked  6  and  c  c, 
dtivee  the  pinion  /,  which  works  in  the  rack  c,  already  mentioned, 
When  the  wind  wheel  faces  the  wind,  Ute  fim  is  turuvd  edgewise 
tomrds  tlie  wind,  and  mroains  at  rest  So  Aoon  ns  the  wind 
changes  ite  direction,  it  makes  the  fan  rotate  in  one  direction  or 
iDOtlier,  and  so  drives  the  pinion  _/*,  which  noakee  the  cap  turn 
until  the  wind  wheel  again  faces  the  wind. 

Tlie  bevel  wheel  D  on  the  wind  shaA.  is  often  na»nl  also  aa  a 
braJI»-to/uid,  its  rim  being  encircled  by  a  flexible  brake  (Article  49). 

194.  BMAaf.  M-  B«c«iatioB  oT  Bafi^ — The  old  method  of  cover- 
ing a  windmill  sail  was  with  a  sheet  of  canvas,  of  which  a  greater 
or  lew  MCtcnt  could  be  spread  according  to  the  streiif^h  of  the  wind. 


w^m. 


rt^ 


smruTion  op  wiKDuaL  smul 
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*  front  view.     A  in  the  wind  abaft,  wbicli  is  lioUow ;  B  0, 
UKiog  thrangh  it;  C,  a  swivel,  to  enable  the  foremost  eud 

rod  to  rotnt«  with  the 
CD.the  hind^rend  of  the     ^i       r-rj 
hiiii  IB  a  toothed  rack,  ^taf    f    ^>    I  r 
g  vitfa  the  pinion  B ;  F,a  rf^H''ji"'T^ 
b  the  uus  of  that  pinion;  ^P'* — • — r-r-J 
Drd  wound  on  it,  from 

hangs  a  weight  W ;  I,  a    ^■''  t  rw 

lollor  for  the  rack. 
B  ^e  bend  of  the  ro4] 
nneoted  by  links  L  with 
rea  M,  which  tnm  on 
I  earned  by  the  project- 
icket«  N.  P  is  a  rack ; 
tide  roller ;  Q,  a  pinicai ; 
trer  J  8,  a  roil,  couneciwl 
i  the  levers  fur  moving  _ 

^Kor  tmusversc  boanhi,  Fig.  88. 

^Bun   shut,  or  turned 

to  the  wind,  fiU  tho  sjkiccs  between  the  bars  of 

,  and  make  a  rontinnous  flat  aiirtace  j  when 
or  t\im«l  edftewiso  to  tlio  wind,  allow  it  to 
ittnigh  with  little  action  on  the  sail ;  and  when 
into  intermediate  position:*,  givo  tho  same  effect 

greater  or  less  fltuface  of  imil     Each  nail  hut 

apparatus. 

ixes  on  which  the  valves  turn  are  placed  nearer 
tdge  than  to  the  other,  so  that  the  preaaure  of 
id  lendit  to  opeu  them.     It  ia  opponed  by  the 

W,  which  tends  to  close  th«m.  Tho  valves 
their  own  obliquitv,  so  that  the  pressnre  of  the 

lances  the  weight  W ;  and  thns  the  ^ori  of  the 

the  sails  i«  maintained  iiearlj  constant  through 
ktioDB  of  its  s]>eed.  Tig.  SfL 


PART  III. 

OF  STEAM  AND    OTHEK   HEAT    ENGINES. 


■■d  BItUmi  aT  tb«  ttmhi^vu — It  Ih  believed  to  have 

fint  renuu-ked  by  George  Stepheiuou,  Uiat  tho  original  source 

power  of  heAt  cDginoe  is  thu  auu,  whose  beams  furnish  tho 

diat  enables  vogetables  to  decorapose  carbonic  add,  and 

Conn  a  store  of  carbon  and  of  its  ouiubuaUble  com|>uuuds, 

used    as  fneL      The  combination   of  timt  fuel  with 

in  fumacee  produces  the  state  of  heat,  which  bi-ing  oom- 

to  some  fluid,  such  as  water,  causes  it  to  exert  an 

prewure,  and  occupy  an  incroued  voluiue;  uud  ihuew 

art*  made  available  fur  the  'li-iving  of  mcclianifon. 

'nliug  to  a  speculation  originatiHl  by  Mv.  Watcrstou,  and 

^  and  developed  by  Prof  Sir  William  Thomaot,  the  heat  of 

is  prodnoed  by  (he  fall  of  a  phowe-r  of  matter  into  it ;  so 

tbs  original  source  of  the  power  of  heat  is  ji^ravitAtion. 

Uie  prraent  treatise  "we  ore  concerned  with  thowi  operations 

in  the  obtaining  of  mechanical  cDet;gy  by  moana  of  heat,  which 

ormed  after  the  fuel  has  been  procured  in  a  state  tit  for  use. 

present  piui  of  thia  treatise  consists  of  two  mam  divisions; 

treating  of  those  kwa  of  Ihi-  relutioos  amongst  the  phcno- 

of  chemical  combination,  heat  and  mechanical  cnui^',  upon 

work  and  efficiency  of  heat  engincti  depend  :  the  eecoud, 

cture  and  operation  of  those  engioM. 

ner  of  thoie  main  divisions  consists  of  throe  subdividons, 

treating  of  relations  amongst  the  phenomeDft  of  heat  them- 

the  second,  of  combustioit,  or  the  production  of  heat  by 

action ;  and  tho  third,  of  tho  relations  between  beat  and 

icai  energy,  whose  principlee  form  the  science  of  thermo- 

ica. 

latter  of  the  two  main  divisions  consists  of  two  subdivisions, 
>fint  relating  to  the  apparatus  by  which  heat  is  obtained  from 
fuel,  and  communicated  to  a  fluid,  which  apparutus,  in  the 
-engine,  comprehends  the  furnace  and  boiler;  tho  second, 
F")>tiDg  to  the  apparatuM  by  vrliich  the  heated  fluid  is  made  to  per- 
\im  work  by  driving  mechanism,  being  the  "enjfwe"  propor>  a« 
4ltugmahed  from  tho  furnace  and  boiler. 


mm 


m 


I 


I  the 


lint 


of  (mAqb  iriudi  eonrigfa  in  the  captdl 


It  b  ai  lb*  Meoad  of  tkooe  icaseB  tb«t  ihe  word  wUl  be  cmp 
in  tfatttmtnfL 

The  oonditiaB  caUed  beat  hns  other  prvpntica  beadM  th 
vhiek  it  km  baoi  *HhK**<.    Of  these  the  prindpal  nre  as  foUtm 

L  Hent  n  9rmm^firribU  firam  one  body  to  another ;  that  n 
body  can  beat  aootber  bgr  beooming  lees  hot  itwlf ;  and  the 
deDoes  to  eflbct  that  timnafer  an  capable  of  being  oomj 
tofpcther  by  means  of  a  sotle  of  quantHies  on  which  tbej  de| 
callM  fonparahmn 

II  The  tranafrr  of  the  condittoD  of  boat  between  two  b 
tends  to  bdng  tbem  to  a  state  called  that  of  uni/orm  Umpen 
at  which  tbe  tian^r  etmam. 

III.  Ilieqaxntities  called  tempnntnres  are  accompanied  in 
body  by  certain  conditions  as  to  the  relatiooa  between  deiuil^ 
eUMJdty;  ihe  genenl  law  being,  that  the  hotter  a  body  is,  tb 
ifl  its  eiatUeiiy  offiyurt,  or  tenden^  to  ih'wmvu  a  definite  font 
amngcoMDt  of  partA,  and  the  greater  it«  daatiaiy  qf  volumes 
is,  ita  tendency,  if  mlid  or  litixiid.to  preaenn a  definite  Tolmiu 
if  gaaoouH.  to  expand  indefinitely. 

IV.  The  con<liti<in  of  beat  is  a  oonditirm  of  ekergt;  that 
cnpacity  to  effect  changes.  One  of  those  changes  has  already 
mr-ntioDi^d  under  the  head  L,  viz.,  the  change  in  the  oonditj 
heat  of  bodies  which  are  nneqnally  hot,  tending  to  bring  thi 
tinifurmity  of  tt-m|N.'niturc'.  Amoii^'Ht  oilier  of  those  change 
chaogea  of  deneity,  changed  of  elasticity,  chemical,  electjica] 
magnetic  obangea. 

V.  Tbo  condition  of  heat,  considered  as  a  kind  of  eneq 
capable  of  being  indirectly  meaniied,  ao  as  to  be  expressed 
qiuintity,  by  meana  of  one  or  other  of  the  directly  ntnasurable  « 
which  it  pi-odncee. 

Yl.   nheu  the  cou'litinn  of  heat  is  thus  expreased  as  a  quai 
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U  is  found  to  ho  siihjwt,  like  other  fomu  of  energy  (inf>chiuiiad 
ener^,  for  eiamplc,)  to  a  U»  of  eotuervaiion;  thai  is.  if  in  loj 
flntem  of  IxodJes,  no  beat  is  expended  or  produced  through  dyuigBB 
nthi;r  than  cbanges  of  tempemture,  then  the  total  quantity  of  be»t 
in  tha  systum  oannot  be  changed  hy  the  mutual  actions  of  tb^ 
bodies;  but  what  one  body  loses,  another  gains;  and  if  there  are 
diuunn  other  than  changes  of  temperatare,  then  if  by  those  changes 
tibe  total  heat  of  the  syHtem  a  changed  in.  amount,  that  change  is 
(ompe-imtcd  exactly  by  an  opposite  change  in  some  other  form  of 

AJthongh  the  present  chapter  traata  nedally  of  relations  unongst 
th«  phenomena  of  hest,  yet  it  is  impossiDle  to  explain  thi>>ie  relatioDS 
withtrtit  ciccftaionally  referring  to  relations  bctwcou  phunomona  of 
and  other  dassee  of  phpnomena,  as  haa  alnmdy  been  done  in 
Jl  mceding  ranenl  description  of  heat 
TiiP  remainaer  of  tht?  chapter  is  divided  into  three  sections. 
The  fint  relates  to  the  measurement  uf  temperature,  and  t«j  tliu 
fJiKiioniena  with  which  particular  temperatnres  are  acoompaniiML 

Tim  accpud  reUtes  to  the  measurement  and  oampariscm  of  jwtm- 

iiiMs  o/Keaij  whether  such  u  are  loat  by  one  body  and  gained  1^ 

tanther  during  changes  of  tempenture,  or  such  as  appear  and 

:i.r  during  changes  of  other  kinds. 

.    diinl  nJates  to  the  rapidity  with  which  ihxytrant/er  o/keal 

I  Ilka  place  under  various  circumstances. 

Sbctiox  1.—^  TempmUurte,  aitd  Pfienomena  depending  on  them. 

t97.  Knmmi  T*«»CT»twM-— Two  bodies  are  said  to  be  at  eqwU 
I  htyfw^urw,  or  at  the  aame  tempenUure,  when  Hwiv  is  nn  tendency 
-  to  Ihc  transfer  of  heat  fnim  either  to  the  other. 

198.  ruMi  TeiarmtMna,  or  standard  tomperatures.  arc  tempera- 
tares  idi-utifiwl  l)yni'";inHffci.Ttuinphenomena  which  occur  at  them. 
Tlif  most  jmiwrtiint  arid  nsefoJ  of  fixed  tAmitcratunw  is  that  of 
th^  MELTING  OF  ICE  under  the  average  atmofijihrno  pressure.     This 
pn«9ur«  w  HiK-cifiid  f^'r  the  sake  of  precision ;  for  although  the 
variatiou  of  t\t('  temperatun'  of  mclciuj;  ice  with  variations  of  prea- 
c-xoeedingly  small,  it  is  still  appreciable. 
\    ..t,  in  importance  and  utility  i»  the  noiLnio  podit  or  ruHX 

«AT0>  DVDKK  TUE  AVEILLaB  ATHOSPUKRIO  FBESSITKK  of 

147      lbs.  on  the  square  inch,  or 
91 16'3      lbs.  on  tlie  H(|iiaTe  foot,  or 

39-93]  inches,  or  j6o  roiUimHrcs  of  a  vcrtiwil  column  of 
mcTCuiy,  at  the  temperature  of  melting  ice,  or 
K      10,333  kilogrammes  on  the  square  mMre. 
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There  are  many  other  pheDomcna  besides  the  melling  of  ice  and 
boiling  ot'watftr  inider  the  mean  Atinospbcric  pressure,  which  serve 
to  identify  fixed  t«iu|)eiaturcst;  btit  the  two  phcuouieoa  which  faar« 
been  specified  are  chown,  b«cauiie  of  tlto  precision  with  wliiolt 
th«y  can  be  observed,  for  the  pur|K}sc  of  fixing  the  ntaudard  tem- 
peratures OD  the  scaler  of  THEUioitBrrERs,  or  instrumcDts  foi; 
meuuring  temperature. 

199.    IkegrrM   •f  Trmvrtsntrc — Vrrtert  Cb«  TbrnanaurMr. — Tbo 

two  stajidard  pointa  of  the  scah'  of  temperatures  ha'ving  been  found, 
it  is  next  rcquiaito  to  cxpresb  all  other  tcmpetntui'ca  by  tneaus  of  ft 
scaJe  of  dc^^recfl,  aod  fractions  of  a  degree;  which  scale  ja  to  ba 
gradtiatt^i]  acconling  to  thr;  mngnitudo  of  some  directly  mcaaurabls 
quantity  depending  ou  tt^nijicmture'. 

The  quantity  chosen  for  that  purpose  is  the  ptwluct  of  the  proa- 
sure  and  volume  of  a  j^ven  mass  of  a  |M}rfect  fSjoa. 

A  PEKFSCT  GAS  IS  a  sulfifitanoe  in  Ruch  a  onnditiou,  that  the  total 
pressiu'e  exerted  by  any  number  of  portiona  of  it,  at  a  given  lem- 
perature,  against  the  sides  of  a  veswl  in  which  they  are  enclosed,  it 
the  8nm  of  the  pressures  which  each  auch  portion  would  exert  if 
enclosed  in  the  vesBol  aeparat^Iy  at  the  eame  t«mj>eratupe ;  in  other 
words,  a  subutance  in  which  the  tendency  to  expand  of  each  appn- 
ciablo  mass,  bow  small  eoevcr,  that  is  diiTused  thruugh  a  giv«i. 
apace,  in  a  property  indejiendcut  of  the  presence  of  other  mas 
within  the  same  space.  Absolutely  perfect  gaaes  arc  not  found  lit 
nature;  every  gas  approximates  mora  cloNly  to  the  condition  of 
|icrfect  gas  tho  more  it  is  heated  and  rareGod;  and  air  is  suffiden^y 
near  to  the  condition  of  a  perfect  gas  for  thcrmometric  purpoaea. 

Lot  Vg  denote  the  volume  of  a  given  W4.'ight  of  any  pei-foci  fft 
under  a  pressore  of  the  inteDnty  p„,  at  the  tempc-ratiire  of  melting 
ioB,  and  po  Vb  the  product  of  those  &ctora; — a  quantity  whose  vain* 
in  foot-potrnds,  for  one  pound  avoirdupois  of  air  and  other  gases,  it 
given  in  Table  II.,  at  the  end  of  this  volume. 

lit't  /J,  t',  be  the  corresponding  product  fur  the  tempemture  of 
wiitor  boiling  under  tho  pre.iisure  of  one  atmosphere. 

Theu  it  is  known  from  the  exi>eriment8  of  M.  Kegnault  and 
Mr.  Rudberg,  that  these  two  j^iroducts  bear  to  each  other  the  fol- 
lowing proportion ; — 


.(1.) 


Pl!!!  =1-305 

Now  lot  T„  T,,  denote  respeotJveJy  the  temperatures  of  melttog 
ice  and  boiling  watiir  under  the  pressure  of  one  atmosphere,  in  de- 
grees of  the  scale  of  a  perfect  gas  thermometor,  the  intervals  upoa 
which  scale  correspond  with  the  intervals  between  the  valaua  of 
the  nitiojj  V  -i-  p^Vq. 


THEKUOurrRIC  SCALK8. 


LeC  T  be  any  third  temperamre,  and  p  v  the  con^spondmg  pru- 
'  ';  of  the  pressure  and  Tolunic  or  the  gaiL 

.  beoauao  the  interval  Tj  —  Tg  correttpODds  to  the  dlflunnice 
I— frt^t 


0Z05,  it  is  c'liair  that  tLo  iotcrval  T — T,,  corre- 


tu  the  diflwenoe  ^ ^3^  moat  have  the  follow  iDg 


twi         nt  *^l  —   *0 


.(3.) 


/'^t'o        * 

I  this  cquatiou  expresses  the  nlation  between  interDola  of  tentr 
•re,  and  differences  of  the  product  p  r. 

WUirrtmt  Tkeraontetrie  8cnl««. — The   Diunber  of   degrees 

-T«  into  which  the  iiiten'al  between  tho  two  Htaudazd  tom- 

i  is  divided,  and  tho  number  of  degrees,  Tg,  between  the 

t«rthe  aoale  and  tliti  U.-mpi.'nitun:  of  melting  ice,  are  arbiti-uy. 

'  iJ^mtmur^t  acaU,  the  zero  ih  the  temperature  of  melting  ioc, 

["1  —  7,=  80°;  therefore, 

T»  =  CP;  T,  =  eOf; 
'       '•-    '^-'       p,v,         --'^  -        p,v,      -^'■' 


(TSSS  ■ 


.  tbo  CerUiffrade  Kal«,  used  in  Fiance,  and  over  moot  of  the 
nent  of  Europe,  the  zero  ia  the  temperature  of  melting  ice^  and 
.1*=100°;  therefore, 


T  — T,= 


T,  =  0*;  Tj  =  100^ 

J^^    ,  P^^P"^^  3740  pv  —  p" ^0 
0'36fl    '       paV*  Pat>6 


....(2.) 


_.  P'aknnheit^i  »cai«,  used  in  Britain  rtmI   Aniftrica,  th('  w'ro  is 
firfaitniy  point,    32^  below  the   tem{>erature  of  melting  ice; 
T.=  180=;  und  Ihervfoiv, 


'  — T«  = 


180' 
0-365 


.   P^~PoV<^  _  4930.2  £_P— p»n     .,. 


it  treatise,  Fahrenheit's  scale  is  used  M-lien  no  other  is 

UiermOTnetrie  ecaleti,  temperatunw  below  zero  are  rockoiie«l 
and  diatinguiahed  by  having  the  negative  sign  pi'L- 


■"W  4UI 


^  JS  "''•wrwitwoi^  the  otA 

»i  =  1-365  r.:. 


txnjmon  AKD  EuanciTr  of  qasjo. 
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m,  &t  the  end  of  the  Tolnme,  ahom  a  series  of  ordimuy 
Dpemrutt*  tm  the  Centjgnule  and  Fahreohuit's  acalea,  with  thti 
iding  abaulate  temperaturcB,  and  tho  conrespondiug  voIum 

—i<««  »»*  KlvMicitr  sf  CteM*. — A.  gas  sensibly  porfoct 
Itlut  lav  of  its  exiJOiudoii  and  elaatioitjr  expressed  as  follows  : — 


.(1.) 


p  V  T  ^ 

the  resultB  of  Uiia  formula  are  givuu  in  Tablu  IIL,  already 
"ta 

lOhefieieni  o/expansion  of  a  perfect  gas,  boiiig  the  increase  of 

I  uider  constant  |»>oe8ure,  for  one  degree  of  rise  of  t«mpera- 

,  of  60  much  of  the  gaA  as  filla  unity  of  space  at  the  temperature 

iting  ioe,  is  the  reciprocal  of  the  absolute  temperature  of 

ioe,  or, 

1  -i-  493-3  =  0-002027t>  per  degi-ee  ot  Kiduvabeit; 
1  4.  274     =0  00365      per  degi-t.'e  Centigrade. 

I  ii  a  theurelical  Utnit  to  which  tJio  coefficients  of  vx^ianston  of 
i  ■pprnximate  as  their  (leiisities  diminish  and  temjwrntHri'S  in- 
Their  actual  co-eOiciuata  of  exjMOition  exceed  thai  lijuit  by 
i  qoaotities  depending  on  the  uaturv,  donfii^,  and  temperature 

>gH. 

.  hypothesis  culle<l  that  of  "  nioUcular  vortices,"  referred  to  in 
lUriorical  sketch  prefixed  to  thin  work,  led  to  the  coaclumon,  in 
»  of  tmver/ect  goKs,  that  thy  law  of  their  oxpauaion  and 
ty  would  be  found  to  be  expre»ied  approximately  by  an  equa- 

I  of  the  form, 


-T-A,-^- 


A, 


—  Ac. 


.(1) 


Aj,  Ik.,  bang  functions  of  the  density  — ,  to  !»  determined 

ricfUly.     Tliia  conclusion  was  verified  by  a  comjiarison  ytiih 
CDcperinieute  of  M.  Begnault.    {Mentmrt  of  tha  Acad«ny  of 
1847  ;  Tram.  Koy.  Soe.  Edin.,  1850  ;  PhU.  Ma^.,  Dec., 
\Vi\  ,  Prvc  Ii<.nj.  8oc  KilU.,  18o5  ;  PhU.  M<uj.,  March,  1858.) 
Tile  fonnula  for  caubuhil-  acid  qas  ia  as  foUown  : — 
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4W'2 


-(3.) 


I  whiohpb=  211G-41b«.  on  the  square  foot;  ub  =  8-13725  cubic 
let  to  the  lb. ;  p^Vo=  172Gi  lout  puundis. 


aftmmla  at  ^m  eln  wiU  at 

the  tdskMB  betwMn  th« 
l»  «f  atmm ;  bat  «t  pnaent  it  is  imj 

r  «ant  of  cxpsimaitil  dftta.     Tho  diffica 

WvBoehar  thfl  wtarcrodwr  tluid  wh] 

fiqmd  fltete,  nod  how  modi  in  the  MaM 

no«a  TrWtnT^*  in  t2i«  vmr  of  ofataining  • 

icftkatdifficnltjareifirrt,  thftt »  vif 

fcaa  tbe  power  of  letBining  mfpai 

a  the  ilsto  cf  eleiHJ  or  «•«(/  i 

an  i2fee  denntymiid  expauDOl 

ivl^  oi  oidv  lo  dKnr  vhen  tlw  ■feai 

MM  of  uuf  tainty  is  intrmiuovd  liy 

btiwoea  glan  and  vAter  is  soiEdenl 

,  mad  in  contact  with  the  glass,  a  filn 

I  at  vUi^  but  fur  tho  attmctioD  ct  the  gl 

ly  ^weoos  steoin,  giren  in  TMt 
oomposrtkn.  (hio  cabk  fbol 
ft  ««Ub  fMit  of  oxygen,  oombiDo  together, 
liefaot  of  aBeatn.  Xencc  the  wiaoj  weiriit 
•A  S3*,  Bad  mtder  one  atmoaphcre  (betfl 
m  caleolaSioQ  odIt,  iiuunnnch  as  Rteam  on 
tMBperature^  is  computed  aa  foUovi 

Vm. 

..«.— o-cx>559a 

...» 0-044638 


'  <f  iihal  rteam,  IV =  0-050230 

«■<»  eakvlated  the  following,  ideal  also  : — 
at  S3°  a&d  one  atmosphere, 

•  jj-  »  I9-913  cubic  feet; 

1X3116-3  =  43  U I  footrlbs. 


— .  are  computed  the  corresponding  q 
'uf  prasRiro  and  312",  tho  following  n 


wKamrr  or  avmn  Jff 

tbe  T^nmei  andl  ^mmSim  c€  iteuM  grrcn  in  T*Ua  TV.  and  TH 

L^tollM'tker^FBeTajveO  vilb  Ihi  wiwiimiwi  uf  IW 
pupBOO*  WKttti«gt,  vitt  tk  feODwiHg  v»lae>  at  ^  and 


ifided.  fiir  3S^  mnd  OH  ^■iiwyliiiii)  19-e99  caiic  feet ; 
A  ^  =  41C90  lcH*.a& 


(*L) 


the  naahft  </  thm  abov*  finnilK : — 

c^  =  1-365  c^  ^  M-ea  attc  fro*  ; 

Dj^  (M»n9  n«;  «(T.) 

AB,^l*365j^%=.3€90Tfcat-n&  J 

I  b  -pro'^ed,  Lovtva-.  bj  pocb  Ti|HTiiiiPii<iT  date  as  e^t,  tbai 

ac&nl  deufitj  of  guud.  at  peima  of  one  ■*™*'^ir**f  t  and 

exceeds  tiiat  tiDn|Mled  on  the  asiEBptiou  of  tl»  paftcdjr 

oooditioo,  and  that  tb»  excess  ii  gnater,  tke  gnater  tlte 

!;  aldm^h  tikere  i>  do  dimrt  ex|Krimei>tal  detorinatiim 

!  exact  amotint  or  Uw  of  th&x  exeesa.    Bj  tlw  indtrKt  mediod 

)blfter*B7da  explamed,  tlic  aauniat  of  that  extxss  b  fcand  at 

'^voi  teanperacare;  but  tbe  goaal  b,w  vtucfa  it  follovs  is 

The  tables  gj¥^  tbr  fine  mOtio^ki^K  a&d  21^, 

f^  =:^  96'36  cntic  feet  per  th. ;  ' 

0,  =  O<»79T,  . (&) 

^  «i  =  55783  ibot-Ita ; 

bj  abcmt  «K^S/ti^  part  from  tlie  reaalts  givai  in  Ui^  fo^ 
rj;   and  IIh  pvupurtiooal  tiiSavoce  at  liigber  pgeasnicj  is 


Ike  dabi  ^nm  wfaicfa  t^  densities  and  TiiJcmes  in  these  tables 

caIetUal«d,  were  the  eKpenm«Dts  of  IL  Begnaith  aa  the  beat 

frmn  a  boOcr  to  a  toatlenjer..  W  »»^iding  (toio  the  fi'irmer 

Jter  kaoFwn  ve^rts  of  steam  nsder  different  [Kcssores ;  and 

ID,  tihat  -rnhMtaoeveT  maj  jhotc  to  be  the  law  connecting 

and  tempeiatare  of  steam  nnd^  other  dr- 

A^mitism  and  Tolnmes  in  these  tables  cannot  err, 

[fneiaUe  in  |KBctioe  for  steam  obtained  widr- 
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cirtmmstance$  timilar  to  tiiow  of  if.  RtgnmdCB  experiments,  w! 
cirounutances  ore,  in  all  importaut  puiuts,  tiimilar  to  ihow 
which  stewax  is  obUioed  in  ni-ditmr}'  Kteam  enginc^K. 

Tablo  IV.,  in  which  Uic  density  of  steam  is  ooiupated  by  Iheoiy, 
was  publisheJ  in  1555.     The  results  of  the  experimenta  of  M 
Fkirbairn  and  Tate  wero  published  in  1859,  and  were  fonnd 
ugroe  very  closely  with  the  reaolta  of  theory.     (See  Phil. 
I860:  alao  Trann.  of  Out  Hojfal  Society  of  Edinburgh^  1863,  p. 

It  ii  ofleu  convenieut  for  practical  purposes  to  calculate 
density  of  the  volume  of  eteam  dtrdctlyfrom  the  prassare  of  ttatnnti 
tiou  without  reference  to  tlie  tempemtttrp-  (See  Article  306,  page 
236.)  Tlio  following  is  an  empirical  formula  for  that  purjHise, 
first  pubUslied  in  the  PkiL  Trans.,  1H!>!>,  page  IBK,  and  ap[ilicnble 
for  preasures  not  exceeding  130  lbs.  on  the  squai-e  inch;  in  which. 
p  deuotca  the  absolute  pressun?,  and  v  the  Tolume  of  steam;  p^  tba 
mean  atmoB[iherie  prassure  of  14*7  lbs.  on  the  square  inch,  and 
i>i  the  volume  of  1  Ibi  of  atmospheric  ateam^  or  36-36  cubic  feet 


t>j   \p) 


-0.) 


(Bee  the  engraved  Diagram  at  the  end  of  the  volume.) 
In  Table  V.,  the  densities  of  the  vapour  of  tether  are  oompnted 
afi  for  a  [wHect  giw  ftam  its  chemical  compoeition;  because  iu  tlie 
only  case  in  which  data  exist  for  computiug  its  density  otherwiM, 
the  results  of  the  two  modes  of  computation  agree  exactly,  as  will 
pfterwards  be  shown. 

The  quantities  in  the  column  headed  E  in  Tablo  IL,  being 
expaumons  of  unity  of  volume  at  32°  in  rising  to  31 3°,  are  ISU 
the  ah^fficients  of  expansion  per  degree  of  Falireuheit 

203.    KxpanklaH  mf  I.t^aldN— IHcMMFtal   Thnw^mmuter. — ^The 
nf  expansion  of  every  liquid  increawa  aa  the  temi>enitnre 
lusher,  and  iliminishos  as  the  temperature  bpcoraea  lower. 

In  the  case  of  water,  tht-ru  ia  a  temperature  at  which  the  nte 
of  tfxi>aii8i<in  disappears,  and  the  volume  of  a  given  weight  reaches 
a  iiiinimum.  That  temperature,  according  to  the  most  tnistwortliy 
experiments,  is 

39°-l  Fahrenheit (1.) 

Between  that  tfrmporature  and  33°,  the  volume  of  a  given  wet^t 
of  water  ittcreases  by  cold. 

It  is  po^ble  thnt  n  i^iniiLtr  phenomeuou  may  take  place  iu  other 
liquids;  but  it  has  not  yet  Ik-vu  observed  in  any  liquid  except  water. 

The  above  tempemture  of  the  maximum  dun-iity  of  water,  being 
the  t^'mpemturu  at  wliich  t*  'O  gravity  of  water  can  be  raost 

accunit<:ly  ascertained,  is  f'  Oe  aa  the  standatd  temi 


* 


wxvxsamt  of  uQontB — meeovhiat.  Tin:nMovcTEB& 
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«t  whidi  iitu  weight  of  ma  unit  of  volume  of  water  ie  taken 
vnit  of  wuigfat,  and  of  specific  gravity.     The  standard 
for  iiui  Britiiilt  stanaardfl  of  weight  and  measure  is  63 

foUowing  drnpirical  formiJa  for  the  expaDsiou  of  water 

32°  anu  77"  Fahrenheit,  d(«duced  from  the  experimente  of 

r,  Despretz,  and  Kopp,  is  (extracted  ftwm  Prof<»sor  W.  H. 

i'b  mper  on  the  Standutl  Pound,  in  the  Philoaophical  Tran»- 

£c  1656,  aad  reduced  so  on  to  he  ttuitcd  to  Fahrenheit's 

inataad  of  the  CeDtigrade  scale,  lor  whioh  it  was  originally 

V       101  (T  -~  39-iy  —  0-0369  (T  —  39  ly 
"^u,*  10,000,000  ^-^ 

^dniotes  the  rolnme  of  a  ^veu  weight  of  water  at  39'i  Fah-" 
fit,  and  under  one  atmos])liere  of  pressure,  which  far  one 
ad  of  water,  has  the  value 

f--62^  =  0-0160192; (3.) 

p,  ="2-204  *i4U. 
r  denotes  the  volume  of  the  same  weight  of  wat<T  at  any  other 
ktare  T  on  Fahrenlieit's  scale. 
'  rough  calcuiatioua  of  the  density  of  water,  a  ample  atiiiroxi- 
ifonaula.  suited  for  most  practical  purposes,  has  already  bee 
in  Article  107,  p.  UO. 
Tbe  greater  convenience  of  thermometers  filled  with  liquid,  as' 
iparnd  with  those  filled  with  air,  causes  the  former  to  be  em- 
for  all  purfMjsee  except  certain  speciftl  scientific  reacarclies;  > 
ijad  the  liquid  r^immonly  employed  is  mercury. 

A  mercurial  thermometer  consists  of  a  bulb  and  stem  of  glas& 
stem  should  he  us  nearly  as  iioesible  of  uniform  bore;  and  the 
ties  in  the  liore  abould  M  ascertained  by  posBing  a  small 
tity  of  mercury  along  the  stem,  and  marking  the  lengths  that 
[ueB  in  different  iH^hitions ;  and  in  the  graduation  of  the  scale 
inequalities  should  Ik.;  allowi-d  for,  so  that  each  di^p-ee  of  the 
shall  correspond  to  an  equal  portion  of  the  cajvicity  of  the 
A  sufficient  quantity  of  mercury  having  Wen  introduced,  it 
boilod,  to  expel  air  and  moisture,  and  the  tube  is  hermetically 
led.  The  ^iidard  paints  are  asoertulued  by  immersing  the 
Uwrmomottir  in  melting  ice,  and  in  the  steam  of  water  boiling 
mider  the  pressure  of  14-7  Iba.  on  the  square  inch,  and  marking  the 
positions  of  the  top  of  the  column;  tho  interval  between  those 
<  is  divided  into  tho  proper  number  of  degrees  (100  for  the 
ide  scale,  1 60  for  Fahrenheit's  scale)^  aud  similar  degreat 
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are  nuuked  above  and  beknr  thoM  points  if  nMeMuy^  ti 
taiofd  ineqoalities  in  the  bore  of  the  stem  bving  allowed  ft 

The  rote  of  expousion  of  merciiir  with  riaft  of  temnen 
crmrirfi  u  the  tetnperatnre  becomes  biKher ;  frutn  whicD  it 
that  if  ft  thennotnetcr  showing  the  dilatation  of  memir 
mre  made  to  agree  with  au  air  thennometer  at  32^  and  i 
mexcazial  thermometer  wotUd  show  lower  tcmperatarea  1 
*ir  thermometer  between  thoxa  standard  points,  and  higl 
perattires  beyond  them.  For  example,  aooording  to  M.  1 
{Mem.  Acad.  AV,,  1847),  when  the  air  tbennomi-tirr 
350'  C.  (  =  Cfi2'  F.),  the  mercurial  thermometer  wotj 
3Cy*-lC  0.  (=  683''»9  F.),  the  error  of  the  latter  being  ii 
13»-lfi  a  (  =  21««9  F.) 

Actual  morcuria]  thermometers  indicate  intetrala  of  tern 
proportional  to  the  apparent  expansion  of  mercury  confw 
:^aas  veowl, — thnt  its  ttio  diflcreuco  between  the  expanmoD 
'  onry  and  that  of  ghuut. 

The  ineqtialiticii  in  the  rate  of  expansion  of  the  ghua  (« 
TBiy  difli-rent  for  dilTerent  kinds  of  glass)  oorroct,  to  a  g 
leas  extent,  the  errvrv  arising  from  the  iuequallliea  in  U 
cxpanMon  of  the  mercury. 

For  practical  purpnecs  connected  with  heat  engines,  the  i 
thcrmometor  mode  of  common  glara  may  be  conKiderad  aa 
coinciding  with  the  air  thermometer  at  all  temperaturei 
needing  HW  Fahr. 

For  full  information  on  the  comparative  indicaUooi  d 
IM«lons  reference  may  be  made  to  M.  Regnault's  papei 
MtmtAra  o/the  Academy  qf  Sciencm  for  1647,  entitled  i 
**  Do  la  Sftetrare  dee  Temperatnres,"  and  "  De  La  Oilatatiofl) 
4«  Maroure." 

S|)iril  tltonDometcrs  ore  used,  to  measure  (emperaton 
Mav  tho  freenng  paint  of  mercury.     Their  deviations 
«l)t  ^rmometer  are  gi-eater  than  those  of  the  murcuriol 


y4>  BsiMaai**  ar  HwUda — ~Tbo  numbcnt  which  it  is  oust 
M*  4i  tables  of  the  exjmnsion  ol'  £oliil.s  ore  the  rate8  i^  i 
^  ^  jftwnin'rTT,  and  are  therefore  respectively  oite-(iw 
^■MMMtUng  rates  of  expansion  in  volume; 
'^i^  ihfnnometeni  arc  sometimes  used,  which  indicate 
A.t»iiig  the  difl'erence  between  the  expansions  of 
MibBtaucea  whose  rates  of  expansion  aro 
Jh«iinomcter«  are  used  to  indicate  teroperatoi 
point  of  mercury  under  one  atuiociphtti 
are  ortllM   Pi/romttgrg.     In  this  case 
s  wom|yduil  uncurtain. 
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S«Wm  ■^•■«* — One  melting  point  has  already  bocn  men- 
w  a  liied  temperature, — that  of  ice.  It  is  louxretl  by 
to  the  iixtctit  of  O^OH  for  each  additional  Atmoaphero  c»f 
>,— a  &ct  predicted  by  Pro£  James  TIiotDson,  and  ascvr- 
[expcrimfntaDy  by  Sir  William  Thommwi, 
Ibllowiag  are  the  melting  points  of  a  few  of  the  more 
it  mfastancea    Tboae  marked  J  have  been  measured  by  thn 


Bismuth, 493^ 

I.,ead, 630" 

Zinc, jQo* 

SUver, laSo" 

Bnuw, 1869° 


Conner « 3548"! 

Gold, 3590' 

Cast  iron, 3479' 

Wrought  iron, higher, but 

uncertain. 


-38- 

+3=*" 

iTtn  3,  html  5, 

8,abont. aio" 

aaS' 

-Tin  4,  Bimnutfa  fi, 

1 946' 

-Tinl.RiKmnthl,  a86' 

-Tin  3,  Leads,...  334° 

-Tin  2,  Bismuth  I,  334* 

426° 

cut  iron,  Unnttth,  and  antimony,  and,  a<^vording  Ut  Mr. 

many  other  Bubatances,  are  more  bulky  when  in  the  solid 

the  melting  point,  than  they  are  vfhvu  in  the  liquid 

is  ahown  by  the  solid  material  floating  in  the  melted 

For  ioe,  the  exeem  of  Tolnme  in  the  itolid  ntate  above  the  rolume 
I  tht  liquid  state  ia  veiy  great,  and  has  been  ascertained,  with  the 
"  ug  reenlts  : — 

TotiuDe  oT  1  tt>.  Weigbt  c^ 

ciibie  Ami.  1  cob.  ft.  In  Ibi, 

Water,  at  33^ 001603  62-425 

I«,        »t  32' 00174  57*5 

fM6.   I'll  ■Willi  mc  Tap— r    KyporwH^B— Botiiiia- — The  tempem- 
at  which  a  given  fluid  boits  nndcr  a  given  preHsnrc,  in  n  fixed 
itnre.     In  order  to  explain  tliis  pbenonienoa,  and  the  laws 
it  foUown,  it  if)  necoKsary  in  the  first  place  to  deecril>e  tlie 
jctions  between  the  liquid  and  gaauoua  conditions,  and  the 
ie  iu  which  substancea  patut  from  the  one  to  the  oth(>r. 
The  Liquid  state  i»  that  condition  of  each  internal  jjnrt  of  a 
conasts  in  tending  to  pn^wrve  a  definite  volume,  and 
change  of  volume,  and  in  olfcring  no  rvHiatanee  to  chaiinie 
It  is  koawiL  that  meet  suhstanoea,  and  believed  tliat  alt 
,  are  ca^Ue  of  assuming  the  liquid  condition  imdcr  suit- 
vie  caronmataQoes.      The  property  of  ofiering  no  resistance  lu 


I 


k 


aoAM  um 


> olfigan;  ■  aDBMOB  to tftc  ennficiai  tf  fifMtf  anil  jH^ j 

from  iuK  paeooibsr  the  f  tiyettj  of  tcnfii 
■e:  Abodj-iA  the  gMeoas  OTwBrtim 
Biie  of  ttBpttBtan  ntcnMBi  tne 

MJ  rtJMtiiMhw  Am-  fwliMinn     It  iabopwu  of^ 

.  ■n   MnBTU  oC  mH,  USt  Mr  CWS  CCB^KEXtim  Ok  a  KIV^ 

tkete  a  a  aevttm  ■miiHiii  fMuum  on  iti  exbeammi' 

wiaA  h  iiiiiiiwMj  to  ito  ni^wmn  in  Oe  liqad  atKbe^ni 

wUek  the  ooBanueaXaan  of  iWirin—l  Wst  to  tlte  hifudi 

.  mikcs  it  boil,  or  emit  babUes  of  vijMNtr  horn  it»'  iatcnac 

[!Dien  is  alio  rauoD  to  beficre^  U»t  aD  Uqaidi  under  all  drcaiB- 

|tT*iKf  emit  TWKRir  from  tkcir  eaxhcm,  and  am  aoiraunded  V]r  w 

'  01  toetr  own  rapovr. 

IL  KifMwr  ia  any  aabstoiioe  in  the  gueoo*  oonditinD.  at  tfaa 

maximuiD  of  dcnsitj  oonratent  villi  that  oondition.     Thb  ii  tba^ 

Btrict  and  premier  waning  of  the  vorrl  "  Vapour."    It  ui  aometiiiM 

kvaed  in  an  extooded  seiue,  klentica]  with  that  (^  "  gaa,"  in  spflalmg' 

of  aobMtanoea  wfaoae  ordinuy  ooodition  is  the  liquid  or  ■olid.    Itii 

oLTtitui  that  moat  ■obataiioea  are  volat3e,  that  is  to  Bay,  that  tber, 

oaa  and  do  exiBt  in  the  atate  of  -vapoor,  at  all  attainab'lo  tcinpov 

r"tiirea      Many   vapoora,  whoae   wriatence  cannot  be  prorca  W] 

Inechanical  or  chemical  proceaaea,  are  ohrioos  to  tbe  sense  of  andf;! 

I&r  example,  thoae  of  iron,  copper,  lead,  and  tin.    Whether  off  sbI^  , 

I  Muuwa  are  volatile  at  all  temperatnres  is  yet  oncortoin.     If  Umr  j 

(In  OHCS  of  exception,  it  ia  to  be  nnderatood  that  the  laws  statal  h 

•  the  aequel  of  thia  Article  do  not  wply  to  them. 

in.  Prmaure  and  J>amCy  qf  Vaptmrg. — For  each  vcJatile  n^- 
atanoe  at  each  temperature,  there  in  a  certain  preeaure  which  b  *t 
once  tbe  least  pressure  under  which  the  aubstance  can  exi£C  io  tht 
Ui^uid  or  aolid  state,  aod  the  greatest  pressure  which  it  can  aoitaia' 
io  the  gaaeous  state  at  the  given  tempemturo.  That  pKannvi* 
oolled  the  pracaun  o/ taturatwn,  or  the  pranurt  t^  vapotmr  of  ll». 
**lvm  aubstonco  at  the  given  tempemture;  it  is  a  Amotion  dt  tbQ' 
— iporttturfi ;  and  tho  dtntdty  of  the  vapour  U  u  iiiDction  of  Urtl 
lire  unU  tJiu  t<!Ui[>eniture.  The  relation  between  the  prewan* 
vajKiur  and  ttio  temperature,  for  vaiious  aubstaaoea,  haa  bean  tbl 
aul>JL<ct  uf  inimy  iM:rieK  of  experimenti,  of  which  the  latest  and  bol 
are  thoae  ^r  M.  l^'^'llal■It  im  steam  {Mctmnm  de  FAcadmrn  dhi 
ScimcM,  1U17),  and  un  various  oth«r  vHpoiira  {ContptaM  Rmdtl 
IHUi).  The  tiettt  Hourt^'M  of  infnmmtinn  as  to  the  praasurM  fl 
vapoum  uru  the  tabltw  computed  by  &L  Regoault  from  thoae  expa^ 
monte;  but  such  preesorea  may  aW)  be  oompiited  in  moct  caaea  wiy 
groat  ooooraoy  by  the  aid  of  a  formula,  which,  with  the  oonatantl 
aitplicablo  to  vapours,  as  deduced  &om  M.  Regnault'a  expcrimeata 
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TU  flnt  given  in  the  SdinintrffK  PkHasfrphieal  Jaiirv/d  for  July, 
\m,  and  nfterwnrds,  with  revised  cuu»ta»t»i,  in  tlic  PhdoaophiaU 
Magaainet  Dea,  1854.  The  following  is  the  formula  for  calculating 
4w pressure  p  of  vapour  from  the  absolute  tcmpcraturo  t  =  T  -f 
461-3  Fahr.  of  tlie  boiling  point : — 


B 


log;»  =  A—  - 


Thp  following  in  the  invene  formnla  for  calculating  the  aha»liitc 
tcmpctatiin:  of  the  boiling  point  bom  the  pioMure: — 

The  fallowing  are  the  values  uf  the  constaute  in  the  fonnula.  for 
lonperatureB  in  degrees  of  Fahrenheit,  and  presBoree  in  pounds  vn 


Fttia 


A, 


log  a         log  c.  Kx 


B 

2c 
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7-9707  ...  3-31333.. .575323"0"OOi8i2...o-ooooo3a8» 
7'5?33  •-•  3-31492. .-531706... 0-006264. ..ooooo39a4 

^      1 7  3438...  3-307»8... 5-21839.. .0-006136...000003765 
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xndieBof  mercury  at  32°,  subtract  firom  A^ 1-8496 

lb.      on  the  square  inch,  „  A, 2*1584 

fertile  Centigrade  scale,  subtract  from  log  B, 0-25527 

„         logC, 0-51034 

multiply  2^1>y  1-8 

DDi  the  pTece<Iing  formula  and  constants  were  calculcated  the 
in  Tables  IV.  and  VI.  for  steam,  and  Table  V.  fariether^ 
ftho  end  of  this  volume.  (See  Diagram  facing  page  4G8.) 
Tbs  geofltml  result  of  such  fonnula  and  tables  is,  that  the  preasuro 
of  vapour  iurrpjwrti  with  tho  temperature  at  a  rate  which  itself 
bcnoses  rapidly  with  the  tcmiKrature.  If  any  vapour  were  a  per- 
1^  gas.  its  deasiiy  D,,  at  any  temperature  T,,  might  easily  be 
oomputod.  when  its  density  D,,  at  some  other  temperature  T,,  had 
been  aeoertaincd  by  ejiperiment,  by  means  of  the  formula. 
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to  pervftde  the  whole  of  the  eiirth'a  atmosphere  at  all  times 
lar  to  an  amomifc  appreciable  by  meclianicai  and  ckumicul 
is  wuter. 
Mixtures  of  Vapottrs  and  Gases, — It  has  already  bc«n  ex- 
it in  Article  199,  that  tho  (tt'essuro  exertvd  against  the  interior 
fTBwel  by  a  given  qnantity  of  a  perfect  gas  enclosed  in  it,  is  tlie 
of  the  preKsun-s  wliicli  any  uimibur  of"  parts  into  which  siich 
tity  might  be  divided  wtdild  exert  sepnmtcly,  if  eaeh  wore 
'  in  a  vessel  of  Uiu  vojuv  bulk  alouu,  at  the  same  terai>era- 
i;  and  that,  altlinngh  thiii  law  in  not  exactly  truo  for  any  actual 
fit  Uf  Tt-rj-  ui-arly  true  for  many.     Thus,  if  0080738  lb.  of  air, 
'"",  being  enclosed  in  a  vcasel  of  one  cubic  foot  of  capacity,  exerts 
ire  of  one  atmosphere,  or  H-7  lbs.,  on  each  square  inch  of 
iterior  of  the  vessel,  then  will  each  additional  0-U60728  lb.  of 
rliicb  19  enclosed,  at  32%  in  the  same  vessel,  pnoduco  wi-y  nearly 
*  lition&l  atmo«phcro  of  pccasura     It  has  now  farther  to  be 
luned,  that  the  tama  law  is  appUee^le  to  mialtira  <ifgast»  ofdif- 
hxnds.     For  example,  0'I2344  IK  of  carlxmic  acid  gas,  ac 
^^oiiijj  eueliisfd  in  a  vessel  of  one  cubic  foot  in  capacity,  exerta 
of  one  atmos[^ietv;  consequently,  if  0'08or2S  lb.  of  air 
M3344  n>,  of  carbonic  acid,  mixed,  be  cncloacd  at  the  tem- 
of  32**  in  a  vessel  of  one  cubic  foot  of  capacity,  the  mixture 
[vxert  a  pressure  of  two  atmo^iheres.     As  a  second  example: 
30728  IK  of  air,  at  212^,  be  eoclotwd  in  areBsel  of  one  cubic 
I  it  will  exert  a  pressure  of 

212^  +  461-3      ,„--   ^      , 
-™s 4?^i  «.2  ^  '  "^  "  atmosphere. 

0-03797  IK  of  Hteam,  at  212%  be  enclosed  in  a  vessel  of 

'  cubic  foot :  it  will  exert  a  pressure  of  one  atmosphere,     Con- 

)Mi]uently,   if  0-080728   lb.    of   air  and  0-03797  lb.  of  steam  be 

lid  enclosed  together,  at  212°,  in  a  vessel  of  one  cubic  foot, 

'lire  will  exert  a  pre>tsure  of  2*365  atmoepherea.     It  is  a 

rwinmoii  but  erroneous  practice,  in  elementary  books  on  phy.'iics,  to 

IdaKritit-  thiR  law  as  constituting  a  iHJhretice  between  mixed  and 

'  -K.'ous  guuea;  wheix'as  it  is  obvious,  that  for  mixed  and  ho- 

I  IS  gases  the  law  of  pre!«urc  is  exactly  the  same, — vix.,  that 

'  rt  of&ia  vkAo^  of  a  gastous  mass  is  Ui€  sum  of  the  presswrtv 

/•arts.     This  is  one  of  the  laws  of  mixtures  of  gnsea  and 

A  secMul  law  is,  that  Uie  jtresence  of  a  foreign  gaseous 

m  cant^tct  wtV/i  tfie  surface  of  a  solifi  or  liquid^  doss  not  t^eet 

■I  (if  thb  vajiffur  of  titat  solid  or  litjuid^  unless  (as  M.  Beguault 

-itly  nhown)  there  is  a  tendency  to  chemical  combumtion 

1  between  the  two  substances,  in  which  case  the  density  of  the  vapour 
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ftiblcm  int  to  find  thf>  density  of  the  mixturo  of  gas  and 
icii  is  K-ivwl  by  adding  to  the  density  of  the  gas  alreniiy 
fbe  drasity  of  the  vapour  us  com]iut«d  by  the  mcthodn  for- 
mI  to.     Thns,  in  the  cajte  last  given,  it  appi>nrfi,  by  oom- 
the  latent  ht>«t  of  evu|jorutiuu,  thut  tbu  WL'i;r1it  of  Bteam 
ot  is  O'OUOSS  lU  ;  consoquoiitlj,  the  weight  of  a  cubic 
the  mixture  of  air  and  atcam  ia  0-U7ti98  +  000058  = 
lb.     With  rcKjMwt  to  the  amount  of  the  dovialions  from 
injT   lawH,   woicb   occur   when   the  ingnsdieuta  of  the 
mixture  hiivo  a  cbt^mii-al  afEnity  for  each  other,  the  reader 
~  tu  the  liLt<T  rt^SL'urclies  of  M.  Kegnanlt  already  mentioned, 
Mmdtu,  18.34. 

Sm^ioratioH  and  Conetentation.—'When  the  drnnty  of  tbe 

Atmosphere  of  a  solid  or  liquid  is  diiniiunhfMl,  dthAr  tnr 

I  of  the  apnco  in  which  the  suVtstuncc  is  coutaim-<l, 

B  rpmoTBl  of  part  of  the  ^-apour,  whotliw  hy  m^haniad 

nl  (as  when  it  is  blown  away  bv  a  cunrut  of  air)  or  by 

tion  in  an  adjoining  space,  the  aolid  or  liquid  exTiporatea 

JRiailiUrium  is  n,->ton;d,  by  tbo  rostonitiun  of  the  vH|Hnir  to  the 

oorrenxinding  to  the  existing  tpmiionitTire,     'Hip  name  tiling 

vhL'U  the  moK'CulAT  etguilibrium  ii^  disturbed  by  commu- 

beat  to  thi>  fiolid  or  liquid.     When  the  deusity  of  the 

atmoEj»hcre  ii  increased,  cither  by  the  contmction  of  the 

in  wJiirh  tlie  stibatiuice  is  eontaincd,  or  by  the  addition  of 

from  another  source,  part  of  the  vapour  condcuaL's  nnti] 

iain  is  restored  i\a  l>cforv.    Tlic  same  thiiijt  lakcK  place  when 

equilibrium  in  dutturlHHl  by  alMtractiug  heat  from  tlie 

j>oratiou  is  acconipauicd  by  the  dutapjKurauce  of  heat, 

Laltmt  Heat  of  Eeaporatinn,  and  condensation   by  the 

cc  of  Inrat,  uccurding  to  lawa  to  be  Htatetl  in  Section  2  of 

Wheal  the  si>ace  above  thf  colid  or  liquid  is  void  of 

lOee,  tbe  restoration  of  pcinilibrium  is  nensibly  in»tjLn- 

lieii  that  Hjucc  containH  foreign  gaseous  }iubKtiiiiCft«,  tho 

of  equilibrium  ia  more  or  legs  rtiarded,  aJthough  the 

of  equilibrium  (u3  tttatcd  in  Division  V.  of  tlua  Article) 

mged.     It  is  tha  retardation  of  tho  HiHiiKion  of  wflt<'ry 

tbe  pnseuco  of  air  which  prevents  over^-  part  uf  tha 

lOVphcre  ftorn  U'iug  always  saturated  with  moiatnre. 

Sfivtliiion. — When  tho  communication  c»f  hf»t  to  a  liquid 

ibe  rpnunal  of  the  vapour  are  (■nrrifd  on  continuoutily,  so 

ire  throu^iont  the  maM  of  liquid  is  nut  greater  than 

.ihkdoD  for  its  temppniture,  evajiomtion  tabes  jilace,  not 

fhim  the  exposed  surface  of  the  ltqui<l,  but  alirn  from  ita 

ir :  it  givos  out  bubblea  of  vapour,  and  is  Kiitl  to  boU.     The 

ng  by  experiment  of  tha  temperattirev  of 
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SecnoN  l—O/Quanlitieso/ffeat. 

r— f  ■iiiirn  •f  4iHHBiiitM  mf  ii«ai. — Tbc  condition  of  h 
msl  oA  a  quantitj,  and  ItA  amounts  in  diH't-t-ent  hodii^A  and 
iHvreuC  circuuistnoofi)  cuui[Kin.-d,  by  uieuii^  uf  tliu  changot 

ZDeusuntltla  phenomenon  produw^l  hy  iU  tninstiT  or  di 
ice.     Amoupst  the  ulianguM  luscJ  for  this  jmrjjase,  cliau, 
rature  will  I*  first  coiisidenKl,     Jleat  emuloyed  in  |>rod 
Ltion  of  tempcniture  is  called  sengible  heuL 

uttuig  clmngtM  of  teni|H^nitiire,  it  is  not  i(C*  be  taken  f( 

th»t  equal  dtfferpDCca  of  temperature  in  tlie  same  Imd 
ltd  to  Mjuol  quautitiea  of  heat.    TluB  iit  tbo  cose,  indeed,  f* 
r  ^a^oous  bodies;  but  tliot  is  a  fact  only  known  by  experi- 
In  bodies  in  other  conditions,  equal  diflei-ences  of  tcmpera- 

DOt  exactly  coiTO«p(md  to  equal  qimiitUita  of  heat  To 
\f  therefore,  by  an  PxjKiriment  on  the  change's  of  teui[»eraturo 
ivcn  Bubdrtarioi?,  what  pro|¥^rtioii  two  quHiitities  of  ht«t  boar 
Other,  the  nnly  mr>thod  wliich  i*  of  it«elf  suflicient  in  the 

of  all  other  t-xix^ri mental  dat«^  in  the  comi>ari»on  of  th(j 
»f  thnt  suli»tAnc4->  which  am  miFu>d  from  one  and  the  same 
mpcruture,  to  one  and  tho  same  higher  fixed  tem]HTatiire, 
noutft^r  to  them  of  thp  two  quantities  of  heat  nwpwrtiTely. 
iinple,  the  double  of  the  qmuitity  of  heat  wliich  niiM-ti  the 
tare  nf  om  pound  of  wat*>r  from  32"  to  32"  +  30'  =  fi2», 
Blly  the  quantity  of  heat  which  raiiies  the  temperature  of 
ifof  water  from  32°  to  32^  +  «0'  =  112°;  but  it  is  exacUy 
ktity  of  h'.>:it  whicli  raiaes  the  temperature  of  ttao  poujuti  of 
om  32"  to  62°. 

nodt  usual  experiments  on  quantities  of  heat  arc  those  in 
iie  cjvalU^  of  two  quantities  of  heat  in  ascertained.  For 
\f  m  pounds  of  a  substance  A,  at  a  tcmporature  T.,  and  n 
of  a  substance  B  at  a  lower  tem]>eratun;  T^,  at-e  brought 
n  contact,  and  either  they  are  guarded  against  the  transfer 
bo  or  from  third  bodies,  or  if  Kuch  tmusfer  iii  unavoidable, 
mt  is  ascertained  and  allowed  for.  After  n  sitBicient  time 
■knI.  equilibrium  of  tempi'tuture  lake»  place,  by  b<.ith  bodies 
ig  tho  wimo  temperatum  Tj,  interraediatt-  iH'twwiu  T,  and  Ty 

a  certain  amount  of  the  condition  called  heat  ]mn  been 
red  from  A  to  B  ;  and  tho  eft'ectw  of  tliut  tranirfer  are — 
'        T  inguf  the  U'm|c.'ratunjof  7H  jioumlsof  Affom  T,  toTj 
pgof  thetera|»enitiireof«pimnd8  of  B  from  Tg  to  Tj 
iicli  we  conclude,  that  the  quauLitles  of  heat  corre»{)ondiijg 
I  two  rllijcts  are  equal 
•HuiT  iufercuce  from  the  some  experimcat  is  the  fo^ 
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to  the  inteml  of  tempera 
T,  in  tJic  niVKUDce  A, 
1  flDiTHiponding  to  the  iaterval  of  tempenl 
L 1^  Mil  T,  in  the  salittaiuw  B 


expeniDciitiii|{  maj  be  applied  to  two  pari 
m  aa  to  ooinpare  the  qoatititJes  of 
af  temppnUar«  in  dil^iKSit  \mxit  id 


or  iutnuncnt  for  moasoring  quantitii 

of  A  veasul  coutaining  a  known  weigb 

&faal,  cadi  m  WHtiT  or  menraiT — n  tbcnnont 

I  »— pritllTri  of  thnt  liquid, — und  if  m-i-'-^^iry 

Sir  ■akiBC  the  Uqtiid  circulate,  in  onlvr  tliut 

tempemtiire  at  the  MTne  itLstcuiL 

*  kiact  nicutioned  in  Article  2U7  nn>  ]>iTf( 

ft  ^  K^niH,  or  mixing  witb  it,  a  kno&u  wei 

*  W  apeiini^ited  un,  ut  a  knovu  u-m 

A»  M^wratore  of  tku  liqtiiil,  aud  uuling  the 

iW  liqaid  and  of  the  immeiied  suhri^tioe 

is  mlDrod;  talcing  auv  at  lh» 

hratv  and  otlier  caiisen  of  error,  are 

(■liiiinirtrr  of  MM.  Favre  and  Sill 
,  themiom(?t£r :  the  inittnini«nt  being  i 
with  a  Udb  so  lurp%  llut  the  hdij  i 
be  eoclo!^  in  a  rauLU  i-hainK 
a  to  insure  t)iat  bH  the  fa>.<uT 
k^aa^atred  to  the  nicrcuiy.     Tht»  >..»... ^t 

oanitmctson  and  use  of  the  water  oai 
p^ifra  in  the  Manuiirt  o/ths  Atadmk 

ii 
.  the  pnrpoae  of  cirpraning  and  oaiD| 

iwnmiient  to  ndopt  a»  an  vrsxt  OP  B 

itity  uf  liwU  ■wliicli  ciinvspiijds  toat 

in  a  definite  weight  of  a  [xtrtict 

in  Britain  is — 

dx  to  cm  inttrrai  o/aM  ii( 
fwiwui  t^  pure  /tjj 
■  wriVy  (39^1  ~  ■ 


rfaich  is  near  the  tempemtttre  of  the  greatest  density  of 
{hat  the  <"ivmntity  of  hi'ut  wirrespondinjj  to  an  intor^ul  of 
jb  in  a  ^ven  veight  of  water  is  not  exactly  the  same  in 
of  the  sailu  of  tum|H-ratut-cs,  but  incrviuus  as  tbu 
rises,  according  to  a  law  which  will  be  stati^d  iu  the 

pemtiires  not  higher  than  80*  Fohrenlieit,  that  qiiantitj 
kr  coastant. 

iermal  unit  employed  in  Fninee  (called  Calorte)  ia  the 
m  heat  which  corresponds  to  on  inten-sl  of  one  Cmttgrade 
tlie  tt'mperatnre  of  one  kilogramnu  of  pure  liqtiid  water, 
nr  \\m  tfOiiMi-raturo  of  greatwt  dciioity. 
owing  atateineut  sliowa  the  rautnu.!  ration  of  the  Britiah 
h  tiiiits  of  weight,  U,'nijH;nitun.',  und  hcnt,  with  the 
of  those  ratiiw: — 

BatiM.  Lopuithnu. 

lirdupoia  in  a  kilogrammo, 3*30462         o'34J3340 

me  iu  a  lb.  avuii-Uupois, o'4d3593       1*6566660 

^l  degrees  in  a  CVntignide  degree,  1*8  025537  25 

|dc  degree  ina  Falirenbeit  degi-ce,... 0*555  i'7447*73 

pmual  units  in  a  French  thermal  I        ,„  „^   , 

[3-96833         0*5986065 

hernial  unit  in  a  Britixh  tliemial  1  ,       - 

'  J  0*5199*       14013935 

vnita  in  which  qtiantitiea  of  heat  can  be  expressed  will  be 
klh  e\|>hiiiJt.'d. 
Ipavlfltf  nrni  m€  LUnlda  ■ad  n«Ud«. — ^The  tpecijie  krat  of  a 

9  mrana  Uie  (piantity  of  heat,  expreased  iu  thermal  units, 
inst  \mi  tranisfurrcd  to  or  from  an  unit  of  weight  (xuch  as  a 
fa  given  sulkstanotr,  in  onlwr  to  raiae  or  lower  its  t<-mi>eia> 
tno  degree. 

Ifaig  u>  the  definition  of  a  thermal  unit  given  in  Article 
^MiCLlic  heat  of  li<|uid  water  at  and  near  ita  tem|>erature 
crom  density  is  -miUy;  aud  the  specific  heat  of  any  other 
By  orr  of  water  itself  at  another  port  of  the  ecaJe  of  tem- 
I,  it  the  ni/it>  0/  the  vKijiit  of  wtUer  at  or  lustir  SS"'! 
rit,  icAirh  ftOA  its  ttnipt-rattim  altenul  orta  dfffTM  Itjf  the 
yf  a  given  ifuanlUij  of  htfoi,  to  Uie  tcei{fht  of  the  otAer  9tUh 
nd^  contnderaUoHj  xuhich  has  ils  temperaiure  altered  ona 
'  th*  emitter  of  an  etpuU  quaniUij  of  heat :  the  etjualit^*  of 
s  of  heat  being  ascertained  in  the  manner  explained  iu 
!07. 
i6ci£c  heat  of  a  sulstouce  is  aoroelimee  called  Ha  "  capacity 
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*f%r  «p««ifio  limts  of  the  sabstaneefl  ia  wluch  TCfomce  . 
wmnln  ti*ve  to  l«  nuulv  in  ihU  tn5ttiw,  lut  exjitvt^tTl  in  _, 
ll^rmil  uniu,  nrn  giv«n  in  the  culumns  hmduU  C  in  TaUb. 
riiv  t^A  of  Uir  volome. 

ijki  fv  «•   llioM   tablM  nkto  to   lin^ilds   and   loUii, 
qututitir*  ftiv  to  l«   R|;uidid  >3  tunvlj  ap|irt>xxmiit6 

tdn(«iataRa  vim  mmify  env;  for  tiit-  ^icufic  >»-■ 

M  Ik  taaqstaMn)  >«^  Mil  (fai  (o  au  r-j'^-aE  which  ia  in 

TW<*^  iirt  <       jytatfcrwjiace  Uwof  ihat 

miA  »  ••».  •  ■*«•  •pacific  hmc  «  *  Hi's  ..f 
«v  ■■*  t?  >■   BagMolt,  and   {wLU^bnl 

f^  tiliiiB^  ■^■■■■1  Amniie,  dr»t  publishrd  in  tlie 
Mm^  ./^  A^  ^'^/"■'"^y^  for  idJl,  npt 

i9  nadit.     ThuD  tlw  Bpedfi« 


-MMOUMS  (T  -  39^1)5; 

.  .^  mttthwl  to  Emise  on*  pota^  of  i 
^  te  any  DtiMr  taaapoKteR  T, 


^- 


.n-_ 


Tn- 


j;* 0-000000103  ((Ts-SS^l)" 

*-3»-l)'}  (&] 

•u  any  girm  pair  of  temj 

WW0OOI03  { (T,  -  3a*'-l)i 

*3ir'u+(Tt-39--i)»| .(a 

.  tho  CttntigraOe  scale,  the  fol 

b»  pttt  Oi)0000l  ; 
0-O0O0O033 : 

I  Ct'utigrrtde; 
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fttions  mspccting  the  quantities  of  heat  rminred  by 

ipuanl  of  vanoiiit  i»j>t(<fri»l»  tf>  produce  given  Hltcmtioua 

,  it  is  con^-euient  to  3u)>stitute  for  the  veiglit  of  each 

ftO  equivulent  weight  of  water,  and  tUt?ii  to  ctdculat«  for 

masa  ms  ii'  it  were  composed  of  wat«r.     Ttie  equivalent 

of  water  ia  found  in  each  caae  by  multi|ilyijig  the  weight  of 

sriol  in  (pie^tion  hj  its  specific  heat. 

^poae,  fur  example,  thut  a  ciiloriuictcr  contfliua  m  pounds  of 

and  that  the  vessel  and  the  agitator  are  made  of  copi^er,  and 

I  ff  pCnmda.     The  solid  |)art  of  the  apparutus  aecompaules  the 

'in  its  changes  of  ton))H.Tnturc;  and  the  hcnt  rcqtiinxl  to  pro- 

changea  rou^t   he  taken   into  account     Thin  is  oon- 

'  done  by  supposiiifj  thiit  for  the  7  iKuiiids  of  copijcr  there 

ited  -0951   q  pounds  of  water  ("(HJi*!   Ix-ing  thf  Kpeoific 

[of  copjtpr);  and  then  computing  the  results  of  ex|.>eriineuta 

[  with  the  calorimeter  oa  if  it  coonisted  nolely  of 

m+  095 1  q  pounds  of  water. 

following  are  the  specific  heata  of  a  few  llquiils  and  solids, 
tition  Ui  those  gi%-en  iu  Table  II.  at  the  end  of  the  volume, 
given  on  the  authority  of  ^L  Kegnatilt;  some  on  that 
cr  and  Uipluee,  aomo  ou  that  of  LfultoDj  and  the  sj^teciEo 
'loe  on  that  of  M.  Person. 

Ice, 0504 

Sulphur, 0-30259 

Charcoal, 02415 

Coul  and  coke  average, O'loi 

Alumina  (C'onindura), o'i976a 

Do.       (Sapphire), 0-81733 

Silica, 019133 

being  composed  of  silica  and  alumina,  baa  probably  a 
.  heat  of  about  0*2). 

Flint  glass, - 0-19 

Carbonate  of  lime, 0'3o35 

QuickUme, •• 0'2i6g 

Magnesian  Limcstoue, 0*11743 

f,  being  composed  chietfy  of  siliea,  alumina,  and  carbo- 
of  lime   and   magnesia,   have  probably  spedtic   heata  not 
'grefttly  from  0'2  or  o'22). 

Olive  oil 0-3096. 

Kone  of  the  abore  data  may  he  deduced  the  ugefol 
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tkcal  oondnnon,  that  the  average  apetific  keat  o/tkt 
wnfm'nfi  amd  etmleaU  of  a  j'nrtutce,  ttfUther  bri/Aa,  tUmea^  or , 
doea  not  ffreallf  eUfer/rom  oDC-fifth  of  that  <^  tenter. 

Ii  was  dbcoTtired  b^  Buloiig  and  Petit,  and  has  been  T«riSed  1 
MM.    Regnanlt,   NevmanD,   and    Avo^dro,   that  rooefc 
sabvtences  may  be  amiiged  according  to  tbe  aualogiee  of 
cbemiad  constitution  in  gronps ;  and  that  in  anr  one  givFo 
the  specific  beats  of  tlie  Hutetaneea  an?  with  few  cxccptioiia  inve 
as  their  chomicol  equivalents ;  or,  in  other  words,  that  th«  pro^i 
of  the  specific  heat  of  a  suhtitaace  by  ito  diemioil  L-quii-alent  bj 
oonstant  for  most  of  the  sabBtaooes  in  one  group. 

For  most  of  the  metohi,  for  eacampl?,  that  constant  prodact  ii 

Aooording  to  Uia  French  scale  of  chemical  ei]niv«lenta,...37'5j 
Accordicg  to  tho  Eugliidi  wxXa 6* 


210.  Riw«uie  n«w  vrtsiwM. — AUIiough  the  exact  Talue  of 
specific  heat  of  air  was  predicted  bj  an  indirect  c&Iculatitm 
ItfoO,  neitlipr  it,  nor  that  of  any  other  gas,  was  determined 
rately  by  direct  experiment  until  M.  Rtwiuinlt  made  liis  ex[ 
mcuts  ou  that  enbject,  the  resalte  of  which  wcru  published  in 
Compt€B  Rendut  of  the  Academy  of  Scienc«fi  for  ltSo3. 

Tho  specific  heat  of  a  gas  which  Ls  niurly  iu  tho  perfectly 
state  does  not  sonsibly  vary  with  density  or  with  tf  ntpenitiuv ; 
that  for  such  a  gas,  equal  internals  of  ttrnpeiitture  conrspcnid 
equiil  qnantitifs  of  heat  on  all  partfl  of  the  themiomebic  swileR. 

Hence  it  hatu  been  inferred  aa  probable,  that  the  absolute  leroj 
the  perfect  gas  thermometer  (Article  201 )  coincides  either  exactlr,J 
Tery  neai-ly,  with  the  almolute  zero  o/fteat,  or  temperature  at  wl  * 
bodies  are  wholly  destitute  of  tho  cuudition  called  Ik-uU 
inffrenco  i^  corroborated  by  tacts  to  be  mentioned  in  Cliapter 
of  thia  Part 

It  was  fthown  by  Laplace  and  Poissnn,  that  the  speoifio  heafe  cf  I 
g&s  is  difTereut,  according  as  it  is  maintained  at  a  consfoM ' 
or  at  a  co'ittntU  pre^xure,  diuing  the  operatiim  of  changing  ite  tean- ' 
pcmture,  and  that  the  ratio  which  the«e  two  8|>ecific  heata  bear  tO  ■ 
each  otJier  is  coTinected  with  the  velocity  with  which  uuiuid  is 
mitted  tlirftugh  the  gas,  in  tho  following  manner : — 

Wheo  A  iwund  of  a  given  gas  is  enclosed  in  a  vi-ssel  of  inrai 
VDltHM,  let  c,  denote  the  number  of  units  of  heat  required  in  on 
to  raitt)  its  t<anperatum  one  degree. 

'W'heu  tlio  Huno  wright  of  the  same  gas  is  oontaiDed  in  a  sqwce 
c«]Hdile  of  enlargenieut,  and  snbjocted  to  a  conaUmt  pratntre,  and 
whim  its  temixrnttire  is  ntiaed  by  one  degree,  it  not  only  become 
Aottar  to  thci  tnme  extonfl^H^  hut  aUo  txj^tndt  by  0-0020^76 


of  its  whimo  at  32' 


■ft,  Oat.  Vj  Wkian  vta.  tjBm^>vatiira 
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le^ree,  and  expand  ha  Tolume  by  that  fraction,  r^ffuires  a 
ticy  of  heat  f*^  which  ie  gn.'atvr  in  u.  curtHui  jiro|K>rtiuu  than 
rrquinnl  mtrely  to  raise  its  temperature  ono  di?gree  without 
irliiig  it  (c). 

the  tado  ^  ss  r-     Tbon  it  can  be  shown,  that  when  the 
*^ 
Bty  of  the  gtui  D  is  made  to  vary  without  any  transfer  of  heat 
from  the  gas,  tho  pressure  varies  proportionally  to  that  power 
t  Aumty  vhtoB  index  is  the  ratio  y ;  that  u 


p  «  D>' (1.) 

velocity  with  which  sound  is  tmntimitt^xl  through  any  sub- 
iii  the  same  with  that  which  a  hcaiy  body  would  ariqnire  in 
throogh  oue-ball'  of  the  height  which,  being  multiplied  by 

variation  of  the  density  of  the  sul«tance,  gives  tho  corri'- 
small  \-&niition  of  the  pressure.    That  i»,  let  u  denote  the 

of  Buuud ;  llion 


''  =  \/(^) ^^J 


to  equation  I,  for  a  gas, 

dp  yp  T 


.(3.) 


I  consequently, 

^a/ (j?ypr.to.  ~);y=  -""^^ (i.) 

U  when  the  velocity  of  aound  at  a  given  alxtolute  temperature 
bet.-u  uMx-rtaiucd  in  a  gua  for  wliich/;^  t^  is  known,  the  ratio  y 
he  calculated. 

!h)  value  of  that  ratio  for  atmospheric  air,  as  deduced  from  the 
srimeiits  of  MM.  Bravaia  and  Martina,  and  MiU.  Moll  and  Van 
tk,  on  the  velocity  of  uouud,  in 

(3) 


y  =  l-408j 


tlie  same  value  agrees  veiy  nearly  also  with  the  exiw-'rimenU  of 
on  tiie  velocity  of  sound  in  oxygen,  hydrogvu,  and  carbfjnioj 
For  the  denser  and  more  conipler  gases,  ita  value  apt 
I  l<e  niialler  (seo  Edin,  Trans.,  1853,  vol  xx.,  page  589.) 
Owing  to  the  dilficulty  of  experimenting  on  the  gpecifio  '' 
pan  at  cfostaut  volume,  their  epecl&c  hvain  uudcr  conrit 
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wiru  haye  alone  been  found  by  direct  experinient  with  the  caloriin** 
ter.     ExiunpK's  of  both  kinds  of  sprcitic  h«at  arc  ^'^''-1  in  Table  IL 

211.  T,McRi  nm  iT)eiiU»,  A  quantity  of  hpat  which  has  di*ap- 
j>ear^I;  having  been  employed  to  produce  some  change  otiier  titaa 
«levati(ni  of  t^^mji^mtiir*!.  By  exactly  reversing  that  chaDgu,  tha 
quantity  of  h(^t  wliicU  had  duappuarud  is  rt-produc«d.  , 

Whon  a  body  in  suid  in  ]>r>?L^u>«fl  or  contain  to  much  latent  heabj 
wbut  i»  meant  ia  thiti, — that  the  body  ia  iu  a  condition  into  which! 
it  was  brought  from  a  former  diHoj-tmt  condition  by  tmii^erring 
it  a  qimuflty  uf  heat  which  did  nut  raise  it*  t<.-mpL-miiire,  the  cf 
of  coiulition  havin}{  be<;n  diflTeruul  from  chanKt'of  temiKTWUire; 
that  by  rcxtoring  the  btidy  to  itx  origimtl  condition  in  such  a  nun-| 
ner  aa  ejctictfy  Iq  rerxrw  all  the  steps  of  the  fonntT  process,  tI»B 
quantity  of  hi^at  formerly  expendtni  can  be  reproduced  m  the  body 
ftiid  li-aiisfL-rrod  to  uther  bodies. 

T\\v  principlejf  accoi-dine  to  which  truch  disappearance  and  p>0> 
ductiou  ofheut  take  place  liolong  to  the  8econd  and  Third  Cbaptov 
of  thin  Part ;  at  pn^ent  the  factH  are  merely  to  be  stated  as  thiif 
are  obser\x-d. 

The  L'tlecta  other  than  rise  of  temperature,  pmdiiced  by  quanta 
tleB  of  heat  which  disappear,  oou  be  uaed  to  measure  and  compii* 
those  qu-HJitttieii. 

21 3.  i^MDi  ar«i  or  Bxpiia«i*a — Heat  which  dlt^appears  in  W^ 
ing  the  rokimp  of  a  borly  to  increase  under  a  given  pi-cssure,  his 
alriMidy  been  illustrated  in  the  case  of  gasea.  For  exuuiph*.  to 
raise  the  teiiii)cmtiire  of  ii  })OUDd  of  air  one  degree  of  Ftihivnbnt. 
and  at  the  same  time  to  increase  ita  volume  by  D<M)2D276  of  it> 
volume  at  3:1",  requires  c,  =  0'238  of  a  thermal  unit;  while tk< 
mere  riae  of  temperature,  without  expansion,  required  only  e,  > 
U'169j  and  it  is  evident  that  the  diflcreuce  between  those  quAotH 
ties,  at  Cf  —  c,  =  0-()G9  of  a  thermal  unit,  ia  the  heat  lohkh  duap- 
jieart  m  prvdadng  the  he/or^^ientionetl  expansion;  or,  in  oOw 
words,  the  latent  heat  ij/*  expansion  of  the  air,  for  an  exponaioa  ft 
O'OO20276  of  its  volume  under  the  same  pressure  at  32^. 

The  fact  already  muutioned,  that  the  increase  of  the  apeoifiu  h«^ 
of  solidn  and  liquidH  as  the  temperature  rises  is  greatest  for  thoM 
whiih  are  mrwt  expanaible  by  heat,  and  iu  jiarticular,  the  instance 
of  that  fact  which  taken  place  for  water,  who^e  lenst  s|ieci6c  b«a( 
corresiKiuds  to  iti  greatest  density,  makes  it  probable  that  llw 
variable  part  of  the  specific  hea.t  of  solid*  and  liquiihf  is  Itttmt  W 
ofeaapamtion;  and  that  the  ita/  g/>ectfic  hxU  of  every  sul>«tiinL-e,  or 
the  heat  which  proflucea  change»  of  te:n|M>raturo  alone,  is  cuuaiuit 
for  all  tempcmturvst. 

213.   i^ittMi  umii  nf  vvBian. — \Vhi>u  a  body  possea  from  tltf 
eulid  to  the  liquid  state,  its  tem[>ciuture  romoiiu  stationaty,  or 
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stfttioDftry,  »t  a  ciTtain  meitiHy  jynnt  (Art  205)  dnring  the 
operation  of  melting,  aiul  in  nnkn-  to  nuike  tlmt  opoiutioa 
B  quHulity  of  hout  mudt  h*^  tninRferred  to  Uie  rabstonon 
hiiviit;;  a  a-rlAin  iimuimt  for  «icli  unit  of  wfif^bt  of  tliu 
Tbut  lifjit  (Kk:s  not  rai«M  the  temi>eratiire  of  itie  siib- 
f,  but  tiijutfintrifit  in  i*uii»iiig  its  comlitiuD  to  ohuuge  from  the 
to  ihv  li<|iitil  sti(t4' ;  anil  it  ia  called  the  latent  h&ii  of  fusion. 
"!)«!«  ft  ^lO(ly  fwissts  fnim  the  liqtiid  to  the  8ulid  tttutv,  its  t«-m- 
Idiv  reiuains  stationary  or  nearly  stationnj-y  duHng  th<s  whole 
■tion  of  frctexing;  a  quantity  of  hciit  equitl  to  the  lat^riit  hL>»t 
iMKi  in  pnMluced  iu  tho  body;  uud  in  i>nlcT  tlmt  the  o]>eni- 
of  frpt^ng  uiay  go  on,  that  htrjit  mu.sk  be  transferred  from 
rlndj  to  Bomo  otlivr  bo'ly. 

ftiUott-irg  are  examples  ia  British  thBrmal  tmitu  per  lb. : — 


8ubiiiUK«». 


Ndihtg  poinii. 


IjJcat  boat 
cf  fusion, 


I  (ftccording  to  Pellet) 32" 135 

(according  to  Pcraou), 32    )43'ti5 


ittceti, 56 

twBXf 140 

ihorUB, 177 

405 
436 


148 

175 
9-06 
i68<) 
500 


Person,  in  a  pa|H>r  publii«hcd  in  tbo  Aimaieg  de  Chimie  et  da 
for  NovmnWr,  ISiif,  givi-s  the  following  law  afi  tho  rceult 
expeiimonta  on  the  lat^'ui  tLcab  of  fusion  of  non-niQlallic 

the  rpecific  beat  of  chn  Rubstance  in  the  solid  stato  ; 
speciiic  neat  iu  tlit-  liquid  »tjite ; 
,  itfl  teupomtnrc  of  ftixion  in  Falin>n1mit's  onlinKry  Bcalo;  tbeo 
latent  heat  of  fusion  of  onu  pound,  iu  Critifib  thermal  tmita,  hi 

l^{e-c)  (T  +  256') (1.) 

die  owie  of  ice,  for  example,  c  =  0-i04;  </  =  1 ;  T  =  32*.  and 

J,  by  ealuulatiou, =  -496  x  288  =  143-86 

^  by  oxperimont,  according  to  11  Pei-son, =  I43'65 


Diffftrenco, , 


0'3I 


PerHon  al>u>  pvea  a  general  fominla  fur  tho  lutc'ul  heat  of 
of  mL-tuh),  as  to  which  it  ia  aiUlicient  hure  to  refur  the  rcuduT 
ihv  oriiriiuU  ptper  cited. 
[  !nut  fusiuu  of  M>]id5  J^  sometiia^  U5cd  for  the  oi^oauLRi 
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qimnlitiea  of  bcAt.     For  example,  an  ice  eaior*t»etcr  ccntsints 
\\fWy  of  a  block  of  tea,  in  which  a  cavity  has  been  made,  ~ 
8topi>er  of  icu  for  t-loaiug  it.    If  u  [uoce  uf  bcimu  ttubetauoe  at  i 
temi»errt-turo,  liiglior  tiian  32*,  is  erirlofteil  io  that  cavity  a 
temi^eraturc  lalls  to  32%  the  qtiaiitity  of  heat  trunHftnTuU  fivia  it 
the  ioc  ix  in(iiciit4Hl   by  tho  wi-i^ht  of  ice  idcII':!^),  iKring  at  the: 
uf  142  Brititih  thcrniiU  muKXa  Utx  &ac  b  [xiund  of  ioi  mvlled. 

Thu  InwiTing  of  the  lut'ltiug  puJiit  of  ice  by  pi-easHire^  diaooi 
by  Mr.  Thotiisan,  will  be  deachbed  in  C'hnpter  III. 

211.  I'Mrni  Hmi  Af  Krar*rsH*«- — WHivu  &  body  |)asaes 
Nlid  Mr  li'inid  t<^  the  gaseous  atato,  its  tcinperftturc  during  the  < 
ojiemtion  renuunfi  BtAtionaiy  at  a  certain  ixnling  jxn'nt  (Article 
dopeiidiijg  ou  the  pressure  of  the  vapour  produci'^l ;  aiid  iu  unit 
tuske  the  eraporatiOD  go  on,  a  quantity  of  heat  muKt  bo  tranxfe 
to  thu  Kubstance  evairamtod,  whose  amount,  for  each  unit  of 
of  the  Buhetancp  ovaporat^sl,  d»'p«-iuhi  on  the  temiwrature.    "Iliat : 
not  laijw  the  tuiDpcralun*  of  tlio  Bubetance,  but  digappoai 
ijug  it  to  oasume  tlio  gaseous  state;  and  it  is  culled  the 
<^  evaporatum. 

WIh'h  a  body  paiocs  from  the  gaseous  statu  to  the  liquid  or 
stttc,  it<i  t^uipfrattiro  remain*  Rtationary,  during  that  opcmtioopi 
lliu  boiliug  [K'int  com.i>|>ondiug  to  the  pressure  of  the  vnpoml 
qiinntily  of  liPat  ei|U;»l  to  tlie  latent  heat  of  eTn[«>ration  at  tl 
t*4U|<«-nLture  ia  jirodurad  in  the  body;  and  in  order  that  the  u|HTa- 
tirni  of  condvtitiAtiou  way  go  on,  that  heat  must  be  traiiitferred  from 
the  luKly  cotidriihL'<l  to  some  other  body. 

Tlif  i^'lntinuH  which  exist  Letwet'n  the  latent  heat  of  evapnriitifm, 
and  iho  pivHtun*  aud  volume  of  the  va|K>ur,  will  be  cxplaiiictl  iu 

Thti  following  are  examples  of  the  latent  bnat  of  evaporation  in 
M^tiJi  UitM'mat  units,  of  one  jKiuud  uf  certain  substances,  when  the 
i|j_ujr  of  Uiu  vapour  i^  one  a^/N<wt>A«ra  of  H-7  Iba  on  tbo . 


^^mtnn*. 


DoQInft  point 
tiridi^r  itneaUn. 

JI2'0 

I7a*3 


!bi 


ja^tt, 


BMA 

966-1 

3643 
162-8 

i.i;6x> 


Aathori^. 

I^gnault, 
AndiQwjb 


\iNit  nf  evnpomtioii  of  wat^r  at  a  perils  nf  boil 

"^  ~^^yn|f  ft-din  II  f-'W  degrees  l«low  it«  fretiing  jKiiiit 

.    M.    \y.-vu  dfteruiioed  exi«cnnieiitally  by 
.^M        ^idany  of  cSdenoee^  1647^     The  foUov- 
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[tnopincml  formula  represents  the  reimlts  of  tliosc  experimenta 
great  \tntdiaou,  m  BritUh  Uicrmal  units : — 

1091-7  —0-693  (T  —  32°)  —  O-tiOOOOOlOS  (T  —  39^-1)'... .(1.) 

fonDoU  U  not  exactly  the  aame  with  that  given  by  M. 

It  hiiuBelf,  but  i»  sli;;hUy  moilificfl  fur  rwisoim  cxpIainMl  in 

on  the  spedtic  hi^nt  of  liquid  wat*'r,  in  tlic  Transactions  of 

Xtnjai  HofiHtf  of  Edinburgh^  Tol  xx.     For  the  Centigrade  scale, 

liVencA  Unit*,  it  l«>cHnH'«, 

/  =  »iOC-5  —  0  t)!i5  T  —  0-00000035  (T  —  4")3 (2.) 

BUMEt  of  the  cbmb  which  occur  in  pnictlci\  it  Ir  miflideut  to 
the  latent  beat  of  evaporation  u>'  wiili^r  by  the  following 
«e  formula .- — 

'foau-ly  =.  1093  —  0-7  (T  —  32")  =  96G  —  0-7  (T  —  213'')...(3.) 

Thf  IftTj^nt  heats  of  evaporation  of  other  Rnhatan«*«  at  preiasures 
^iffrfy.ii  tinm  one  atiunsplien;  Lavu  ui>t  yt-t  liecn  usMi-tainod. 

Tauu  HcMi  wf  EvaporMiiaH,  or  toUiI  iifnt  of  vfipour,  ia  a  con* 

I  plinu*  ustnl  t'ul'MMti:  tlu-sum  of  thu  heatwhich  diMttpjwArB 

ti}^  one  |Mmnd  of  a  givf>a  Kult^tancc-  at  a  giv(<n  t^mptm- 

.'i  heal  of  ccaporatio/i),  anil  of  the  heat  rt-quii-ed  to  miao 

;.;[>cratiirp,  bpfoi-e  eva]K)ratir»ii,  frtiin  unnie  tixerl  t<>rnpi'mturn 

■  1    liii-  U.-ni pi-rut II re  of  cvn|M>rutioD.     The  latter  imrt  of  Uiu  toUJ 

h«t  in  called  tlie  smmtU  heai. 

T<i  fipriiss  tliia  by  snnbola.  let  Tj  he  the  temperature  at  which. 

ih*  (inbertAnce  is  orijpnnlly  obtakuMi,  T.  that  vX  which  it  is  ovftpor- 

itcd,  r  itd  mean  si>ecific  heat  between  tuoao  tifmiK'i-atures,  and  ^  its 

lieut  of  evaporation  nt  the  ten)|ieratun.'  Tjj  then  ita  toltd 

-^  vj  £iitporfUion,/ronh  Tj,  at  Tj,  ia  thus  exprestioci — 

''^i  =  '^Cri-T,)  +  ij (1.) 

In  fornmls  and  tablca  relating  to  the  totol  heat  of  evajionttjon,  it 
|tt9»al  to  titke  for  the  ori^^al  temperature  T,,  that  of  meltin;;  ire. 
lu  the  CBSA  of  watrf»r,  thn  experimenta  of  M.  Reguault.  ali-eady 
cd  I'j.  led  him  to  tliu  ditMrovery  of  the  very  «mple  law,  that 
'jii.  fi*>it  i^faieam  from  (/«•  temperature  of  vieUiTtff  ice  incrtaaeB 
UHtform  rate  an  the  lemfteraiure  of  evap&ration  rittA.     The 
jwin;;  is  tJie  formula  liy  whicli  that  law  ia  expre8s«?d,  for  Fail- 
le and  British  units  : — 


h  =  1091-7  +  0-305  <T  —  32°); 

for  tliO  Centitjrade  teale  and  French  vnils,  becomes 
L  =  GOti-5+0-305  T 


■(2.) 


I 
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It  is  by  scbtraoting  from  this  expression  the  quantity  of  hcft^ 
requirixl  to  nusc  uuity  of  wd^lii  of  wat^jr  from  the  U'mpenture  of 
melting  ice  to  the  t«uiperatuTV  of  ovuporation  T,  as  given  in  ArttcJe 
209,  tbal  tkc  furmuls)  t  autl  2  of  Article  311  arc  ubtaiueiL 

Ijpt  r^j  hfi  tlui  nit.'aii  «pecitic  lioat  of  watiir  butweon  the  terapeni' 
turo  of  uifltiuK  i<x  and  the  t<;ui]K'mturf  Tj  of  tli«  "Jeed  itwier" 
siippli^^d  to  a  boiler;  then  we  Iiavi>,  for  tlio  t«^ital  h«tt  oxiteod^ 
per  i>'>iidU  of  ft-utcr  \3vapoTaiadJrum  'X^  at  T^,  the  following  forniuli 
(in  Britifib  unitsj  : — 

A^i=10Dl-7 +0-305  (Ti  —  S2»)-A,s(Tj—32'');...(3.) 

ihc  laAt  U^.rm  sliowing  thu  dimitiution  of  tho  fxiwnditnre  of  t^ 
heat  coiistxiui'ut  u|»ou  the  tfii)|K:raturc  of  tho  Ittxl  water  being 
Tj  —  'A'2'  higher  than  that  of  m»^Iting  ice. 

In.  most  of  the  cases  which  uccui-  iti  pmctioe,  small  fmctioiu  tntj 
be  ne^ecter),  and  the  ^citio  heat  of  liquid  watt^r  may  be  treotd 
88  constant,  and  -  1 ,  »o  that  tlie  following  approximate  fanuuls 
are  in  such  caeee  sutticient : — 

h  ^  10&2  H-  0-3  (T  —  32")  =  lUfi  +  0-3  (T  —  212');...(4.) 

A^i  =  1092  +  0-3  (T.  —  Sa*)  —  (T,  —  32"). (Jk) 

215    A.     nrHaHmMr-nl  of  HnU  hj    KraparaUaa — The    h«*t   JMC' 
duwl    by  the  coinhustion  of  a  given   wfijj;ht  of  fuel  (of  whica 
exampiea  will  be  given  in  Chapter  II.)  is  usually  ascertained  ^ 
finding  what  weight  of  water  it  evaporates.     In  such  exiwrimeoBi 
it  is  eeiwntiid  to  the  obtaining  of  aeeunito  rci^ulta  that  Uio  t*'Hipe»" 
tiu*  of  tliG  fewl  watf  ]•  and  the  tcmnt^ratnre  of  evaporation  ahQuU 
both  be  ascertained,  and  the  total  heat  jHrr  |<t>uud  of  water  com- 
puted; for  which  purpose  the  approximata  formula  5  is  sutRcicat 
That  totiil  heat  Iteing  di\'ided  by  (HJ6,  the  Intent  heat  of  evajiorntiffl 
of  a  pound  of  wnU'rot  312',  gives  a  mtUlij,licr,  hy  which  the  weicbt 
of  water  Ectiiiilty  c^-aporated  by  each  pound  oS  fiiel  is  to  be  moUi- 
pliod,  to  r<?duce  it  to  the  effulvciiaU  evapora^on /rotn  ami  at  SIS*! 
that  is,  the  ireiyht  of  water  ir/iich  wovid  hare  Iteen  evaponUed  fiy  Mck 
pound  ofjuef,  fuid  Uie  ■walvr  been  both  mtpplieU  and  cvaponded  ait  At 
boiling  jioitii  ixurfgjunidinff  to  tite  moan  atnvmpheric  ff«MUfV. 

The  Weight  of  wut«r  so  caleulated  is  called  the  et*ft/iora(itv  |NRnF 
of  the  Alt!].  To  .state  it  is,  in  fact,  to  employ  a  peculiar  thennil 
unit, — yit.,  the  latent  heat  of  evapomtion  of  one  pound  of  water  il 
212°,  which  is  9(iG  tiuicu  greater  than  the  ordinal^*  British  theriMl 
unit  To  psemplity  the  ivduction  aliove  describoil,  let  tho  water  hi 
BuppHcd  to  the  boiler  at  10i°  Fahr.,  and  e\aponit4:d  at  230".  Tlwo 
by  ©([uation  5  of  Article  15,  the  U>tal  h»»at  of  evai>orrtiii»n  in  OoiD* 
JUoii  British  units  per  pound  of  steam  is  (neglecting  fmctious), 
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Vi  =  1093+ -j^.  198  —  73  «  1079; 

odtliemaltipUurby  wlitch  the  veight  of  water  actually  eraporatetl 
i>  to  l«  multipliud  to  6iid  the  equivalent  ovapomtioa  irom  and  at 

The  fnllowing  b  a  convcuiL'ut  farm  of  tlic  cxpreasioa  for  thut 
taultiplier,  or /actor  o/  evaporaiion  ; — 

1        03  (7,-212")+  (2ir  — T,) 
I  *  ^  585"^ 

Tlie  tiiWo  oil  (lie  next  page  gives  the  factor  of  cvH|>omtion: 
calcuUt'Mi  by  tlio  aliovu  tormula,  for  varioius  tL'iui>i-nitur«ti  of 
W«tvr  aud  of  builiiig  point. 

31(3  T«tMi  Una  mt  OmmttmemUmm. — It  iR  demoHfitnitefl  hyreo- 
Bauing  to  be  cxplaiaed  in  Cliuplcr  III.  tlint  the  i<.>tjit  hi'ut  n.-qiiircd 
totonvert  a  given  subfltunce  from  u  stAtt*  of  great  density  at  a  pivcu 
Wnapfniture  Te,  to  the  pffr/cc/A/  tirtMowi  vUife  at  a  given  temperature 
Tj,  the  opi-ration  being  coinjiIete<l  under  any  constant  presstu-o,  ia 
^Ten  by  the  equation 

h  =  a+^{T^-  T,) (l.)« 

'^hcre  a  is  &  constant,  and  </  ut  the  specilic  heat  of  tlio  Bubsttuicu 
in  Uie  pcrfL'ctly  gaseouH  state,  under  couttbmt  preasura  For  Kt«am  in 
'  the  pf5rf<xHly  gaaeous  titutc,  or  sUam-gtu,  as  it  may  be  called,  for  which 

pQ«a  <:  42U1  foot-lbs., 
ih»  best  existing  data  give 


a  =  1092;! 
d  ~  0-475.  J 


.(2.) 


For  example,  to  convert  one  pound  of  water  at  32°  tuto  uUxtn^-gaa 
at  212%  n!qnir«a 

1092 +  -475  X  180  =  1177 

tmits  of  hmt ;  being  mora  tlian  the  quantity  rcqmred  to  make 
Bfttomted  Htoun  at  the  »iuio  tempcratnre,  in  the  mtio 

'  iiZI  =  i^2a 

1146 

*  EquaUoA  I  vm  finl  demoiiamtcd  far  ttrttla  e»at»  in  1849,  b  a  paper  piibDihnl 
la  tllw  TVatuaclioiu  t^th*  Ifyi/al  JSaeutg  ^  KdhAmyi^  roL  x\.\  and  wu  sncrwirds 
loMt*  gaaaiiy  demoiutntcd  in  a  (>Aper  md  to  iluii  Sodetr  fai  1B5&,  bat  oot 
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ScCTios  3. — OfOit  Tranfftir  of  Ihtd, 


Yfeaarffer*m«M  la  o^aerai. — Ithos  olrtnxly  been  expliuDcd 
[cB  196,  197),  that  equality  of  t«mpmture   betwoen   two 
oonsists  in  the  abeenco  of  auy  tcnduiicy  to  tnuisfcr  of  bcat- 
a  tlism ;  and  that  when  their  tomporatnrffl  diirer,  there  i»j 
BBSf  to  equalize  their  temperatuiva,  by  tliH  tnmsfer  of  heat 
hb  hotter  to  tJie  coldw.     That  tendeucy  is  the  greater,  the 
r  the  diffvrouci'  between  thuae  temjMiraturf a 
t  rate  at  which  the  tnnifer  of  heat  takes  place  between  two 
,  at  unequal  tcmpcmtureR,  depends — 

I*,  on  liie  tendency  to  transfer  heat,  increasing  as  some  func- 
r  the  two  temperatures  ami  their  diflVreuce. 
Htdyf  on  the  areaa  of  those  parta  of  the  aiufaces  of  the  bodies 

n  which  tht-  traiKifer  uf  huit  takes  place.     In  most  of  the 

nrfaich  oocnr  in  practicvt,  tfauKe  areaa  are  eqnal,  and  then  tlte 
tzaiuferof  heat  is  directly  projKirtioiial  to  their  common  extent; 
ndHy,  on  the  nature  of  the  material  of  each  of  the  bodies,  and^ 
ndition  of  their  surfaoea. 

ri&Jy,  on  the  nature  and  thickness  of  the  intervening  sub- 
1^  if  any.  Increase  of  that  thickness  diminishca  the  rate  of 
rof  hmt 

itamrfer  of  heat  takea  place  by  three  proceases,  called  respoo-j 
I  fddb'oft'tm,  cundiicturjt,  tiiid  emwectum, 

.  KaAtutoM  of  heat  iaiva  place  between  bodies  at  nil  dJstanci-a 
in  the  mme  manner  and  acconlui^  to  the  same  hiwB  with  the 
ion  of  light.  Ita  phenomena  have  been  studied,  and  ita  laws : 
ined,  by  many  scicutific  inquirers;  but  for  piui»ose8  con- 
wilb  prime  movent  driven  hy  mearH  of  heat,  the  exact  and 
Bte  8tati.-meut  of  those  laws  is  uinieccHnary.  It  is  sufficient  to 
that  tlie  rate  of  radiation  of  h«it  by  the  hotter  of  a  pair  of 
,  and  ftf  ita  absorption  by  the  colder,  are  incrciuicd  by  dai'k- 

nd  Tonghnees  of  the  Bur&ccs  of  the  bodies,  and  diminished  by 

fcnen  and  polish. 

,  0*ad«cti*B  is  the  transfer  of  heat  between  two  bodies  or 
tfa  body,  which  touch  each  other.  It  is  distinguiiibed  into 
iF^id  external  conductioa,  according  as  it  takes  place  betvoen 
i  Tof  one  continuona  body,  or  through  the  surface  of  contact 
or  of  distinct  boditu 

ret«  at  which  conduction,  whetJicr  internal  or  external,  goes 
ng  proportional  to  the  area  of  the  section  or  sudaco  through 
H  tttkea  plaoe^  may  be  exiwesaod  in  the  form  of  to  viany 
I  «m(«  per  square  foot  qfarea^  "per  hmir. 
rMe  of  itUernal  amduction  through  a  given  substance,  thus 
ptoportionu  ~~- 


I 


of  Iht  ihitMinr      It  ik0 

at  the  BBctkni  toikr 

^mar  at  U(^  (^  <* 

«fe  hnr  af  if  JiinnMn  with  tgapeafa 

w)i  jpek  b«&  aocvHtdf  aacotnMl  in  aaj  am :  «id  H  il 

lefc  tfsdeoote  the  iIiiIimiii  in  ■  AeeOm  perpcadinikr  to  * 
AnM^  whid  heBtistimiarfe>nd,betwMO  a  potrdf 

^  T,  d»  diftnooe  betweea  the  Cempentiixw  of  the  man  of  Uo^ 

Hi^  the  rate  of  oonlactioa  thioq^  the  given  scctioiiAl  fikai 

'=*4^= w 

k  hang  the  cD-efficieDl  of  oondacUvity.  Now  in  cases  vhtn  ■ 
withoot  eennble  error  niaj  be  treated  an  onantADt^  the  above  «\m- 
tion  leads  to  the  conclaakvi,  that  the  rate  of  cootju'-''""  t)-r.>i^>T!i 
^al  iaytr,  of  any  uniform  thirknefss  is  simply  iiropn; 
to  the  diflerence  between  the  temperatures  of  the  i '•-<.■  . 
*hiyer,  and  inTCnely  to  its  thickaces;  &  principle  e\i 
iollowi : — 

^  =  A.?l=lI; ^1 

vhcro  T  and  T  ore  the  temperatures  at  the  two  faces  of  tli*  bjW 
and  X  ita  thickness.  For  reasons  which  will  afterwards  a{»peRr,  ft 
in  couTonicnt,  in  cases  of  thia  kind,  instead  of  the  coodnctiiiTty* 
itaelf,  to  UM  its  rwi/mwrrV,  which  may  be  called  the  int^nal  thttwd 
,  mtitianee  of  the  Hubtttauce,  and  may  bo  represented  as  follow?  :— 


1 


(1) 


■{kJi  to  tnuuform  equation  2  into  the  following  fbrm  > 

T  — T 


?  = 


.(4.) 


^e  following  are  some  valnes  of  the  eo-effident  of  thentf 
(aui-e  (,  fur  different  rabatauoes,  when  q  is  expreaaed  iu  tkerw 


%our  per  tquare  foot  of  area,  oDd  x  in  in^eg^  as  compated 
We  of  coaductiTitieu  deduced  by  M.  Peclet  from  experi- 
M.  Despretz : — 

Gold,  platiaum,  silver, oooi(! 

Coiiper, o-ooiS 

Jmu 0-0043 

Zinc, o'0045 

I*»d» 013090 

Marble -. 0^716 

BricV, «., 0*1500 

vtal  internal  Uicnnal  resistance  of  a  plat?  consisting  of 

'  different  subatauwa  may  bo  found  by  adding  togcthi-r  tliu 

of  the  several  layers.     ThuH,  lot  x  denote  tho  tliickness 

^'thoee  layers;  f,  the  ur>-eflici(:iit  of  ttiermal  resiatanoo 

of  vhich  it  coDSiBts  :  let  1,  as  nsnal,  denote  the 

itiofi  of  a  set  of  quantities,  so  that  Z '  x,  for  example,  is  tlie 

ickneas  of  the  oompoond  plate  ;  then 

2 -ear, 
toJ  ttiermal  nvistance  of  that  plate,  and 

'=2^7^' " <^-^ 

of  conduction  through  it  per  square  foot  per  Iiour,  when 
'  are  the  temperaturea  of  iia  bottW  and  cooler  fact»  respeo- 

tte  of  external  eontluction  tlmiuj^h  tho  bounding  surfaco 
■  solid  body  and  a  lluid  is  apjfroxiuiutt'ty  progiui-tiomil  to 
TCuco  of  U'mperature,  when  tliat  in  suimII;  but  when  that 
6  is  oonsidt-rable,  the  luto  of  conduction  iucrcases  &Btcr 
tho  eimplp  ratio  of  that  difference,  as  will  afterwards  be 
lOre  in  detail. 

r»te  of  external  conduction  may  bo  expressed  by  dividing 
^•enpe  of  temperature  by  a  co-etEcient  of  external  tiiernud 
incf,  depending  on  Uie  mituru  of  the  substances,  antl  also  on 
tempera tun.-s.  Lft  the  values  of  that  co-eflicient,  for  the  two 
es  «  a  given  plate,  be  denoted  by  *',  9,  respectively;  let  x  be 
licknc^  of  the  plute  in  inches,  as  before,  and  f  iU  co-efficient 
emal  thermal  resistance;  then  the  total  thermid  resistance  of 
and  of  its  two  external  aurfaccs  is 

•'  +  "  +  ««; 
nto  of  condoctioD  through  it  is 
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Where  T,  T,  arc  now  the  tempernturee,  not  of  the  two  stirfii 
the  plate,  btit  of  the  two  fluids  vhi^  are  respectiTelj  in 
with  ito  two  &ce8. 

The  external  thermal  reaistanoe  of  the  metal  plates  of  boil« 
and  tubt-ti,  and  other  appaialoa  used  for  heating  and  cooling 
IK  so  miiL-h  grv&ter  than  the  internal  thirinal  resiRtAniv,  tU 
tatU'r  in  iiuippruciaUu  in  comparison;  and,  oonseqaentJy,  the 
and  tliifrkopsa  of  those  plates  baa  do  appreciable  eSect  on  tbi 
of  ronduction  through  thi^m. 

TIk>  combined  external  tbcnnnl  reststancea  c^  both 

Iilate,  when  one  is  in  contact  with  a  liquid  and  the  other 
lavc,  according  to  M.  Peclot,  valueit  capable  of  being 
the  following  formula : — 

'"^''~  A|l  +  B(r— l')! 

in  -which  the  constants  depend  chiefly  on  the  oondition  of  tie  i 
of  the  body,  and  have  the  following  \'alues  :— 

B  for  poliHhwl  metallic  aorlaces, jii 

B  for  rou>;h  metulHc  surfaces,  and  non-metallic  suHaoei^  01 

A  for  polished  met-Us,  aWut ^ 

A  for  glassy  and  vamiahed  surfaces, ...I'J^j 

A  for  dull  nietalHc  imrfacofv - ■• Jt; 

A  for  bunp  black, f}! 

AVhen  a  niutal  plate  baa  a  liqTud  at  each  side  of  it,  it  >[ 
fVom  ex]>on  incuts  by  .M.  Peclot,  that  the  constants  in  eqi 

toko  the*  fuUowiiig  values  : — 

B  =  0-058;  A  =  8-8. 

Tl  will  be  shown  in  a  aubsequent  Ai-ticle.  that  the 
cxiH'riments  on  the  evapurative  power  of  boilers  afiree  ve:y*< 
with  the  following  approximate  formula  for  the  thermal  reairtsiu 
uf  lioiter  platea  and  tubes  : — 

.'+,  =  ^-^; (y 

which  gives  for  the  ntte  of  conduction,  per  square  foot  of 
iKsr  hour, 

JZJ2. (• 


coimcTios  or  heat. 
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Tlus  formola  is  not  proposed  as  beiiig  more  tban  a  rough  approxi- 
1,  but  its  Bimplicitj  inakeii  it  v«i-y  mnvenicnt,  and  it  will  bo 
that  it  is  uear  t-nnugh  to  tlie  tnith  for  ita  purpuaa 
iTho  value  of  a  lit«  l>ctwoi<n  160  and  200. 

iSSO.   CJMracUsM  «r  f^HnriHs  of  heat  means  the  transfer  and 
of  the  state  of  heat  iu  a  fluid  mass  by  means  of  tlie  motiou 
I  particles  of  that  mass. 

coiHluction,  properly  so  called,  of  heat  through  a  etognant 
of  fluid,  is  very  slow  in  liquldR,  and  almost,  if  not  wholly, 
~  ibie  in  }piseA.  It  is  only  by  the  continual  circulation  and 
of  tiie  particles  of  the  fluid  that  uiufomiity  of  toiD|icralure 
ike  maintained  in  the  fluid  maatt,  or  boat  transferred  between 
I  fluid  uiaifi  and  a  eoUd  body. 
^Ww  laws  of  the  cooling  of  thermometer  bnlbs  by  convection, 
placed  in  receivers  filled  with  different  gasea  in  different 
ai  to  prcsBuro,  were  ascertjiiiied  by  Dulong  and  Petit;  but 
I  mcaznatanoed  of  tlio  exiwrimente  were  too  uiilike  those  which 
'in  boilen  and  funmcca  to  enable  those  laws  to  be  u»cd  in  the 

cif  quQRtionx  connected  with  b(«t  en^nL«. 
[ifroo  circulation  of  each  of  the  fluuli*  wliich  touch  tho  wdea  of 
{ilate  ia  a  necedsary  condition  of  the  comwtni'ja  of  the  for- 
_"      tho  conduction  of  heat  through  that  plato,  which  have 
^trtm  in  Article  219;  and  in  e«ch  of  those  fonnulffl  it  ia 
that  the  circulation  of  each  of  the  fluids  by  currents  and 
Jies  is  such  as  to  pi-event  any  considerable  diffL^i-ence  of  t«mi>era- 
bctween  the  fluid  particles  in  contact  with  one  aide  of  the 
plate  and  those  at  coosideniblc  di^jtaucLtt  from  it. 
[ft  18  to  promote  that  circulation,  and  m  tn  ini^nrc  uniformity  of 
Prature  in  tliy  fluid  mastf,  that  an  agitator  is  cnipUiyed  in  the 
calorimeter,  as  already  stated  iu  Article  207  A.      For  a 
pur|*ose,  large  boiler  flues  are  sometimei  provided  with 
that  is,  projecting  iwrtitions  which  compel  the  hot 
to  take  a  circuitous  course,  iu  order  that  eddies  m/ty  be 
d,  ar>  as  to  bring  aa  many  diflcreut  i)artlcle8  as  ftoiuible  auc- 
imely  in  contact  with  the  hwiting  surface.     Thoee  bafflers,  how- 
have  also  another  object,  wliich  in  to  promoto  tliat  thorough 
of  air  with  the  inHiimmable  gaa  from  the  fuel,  which  is 
to  complete  cumbuation. 
most  rapid  convection  of  heat  is  that  which  is  efToeted  br 
of  cloudy  vajKJur,  «*hich  combines  the  mobility  of  a  gas  with 
comparatively  greater  conducting  power  of  a  liquid;  as  when 
communicates  heat  to  a  aoliil  body  by  condenaing  on  its 
ii&ca     Some  data  as  to  the  rato  at  wludb  this  prooess  goes  on 
I  be  given  in  Article  322. 
When  hesA  la  to  be  tauusiemxl  hy  convecUoa  &oia  oqq  ftuid  to 
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another  through  an  intervening  layer  of  metAl,  the  motions  of  tlw 
two  fluid  massea  should  if  possible  be  in  opjMUfila  direction*,  in  older 
tluit  the  hottest  particles  of  each  fluid  may  be  in  couuDunic&tioii 
with  the  hottest  panicles  of  the  other,  and  that  the  miniaaM 
difference  of  t<.-mpomtun)  between  thi.-  adjacent  purtiduu  of  the  (w 
fluids  may  be  the  greatest  possible. 

Thus  iu  the  sunacu  condeuiaitiun  of  steam,  by  poauiig  it  throi^ 
metal  tubes  immersod  id  a  cum-nt  of  oold  water  or  air,  the  coeliog 
flnid  should  be  made  to  move  in  the  opposite  direction  to  the  enn- 
deosiug  steam. 

Id  a  stefun  boiler,  it  is  favourable  to  economy  of  fuel  that  ibt 
motion  of  the  water  and  steam  sliould  on  the  whole  be  oppontt  le 
that  of  the  flnme  and  hot  j^  for  the  furnace. 

Thus,  if  there  i«  a  "feed-water  heater,"  conristing  of  a  letiif 
tabes  through  which  the  water  passes  to  be  heated  before  entmng 
the  boiler,  thnt  apparatus  should  be  placed  in  or  near  the  fiwtd* 
the  chimney,  so  as  to  be  heated  by  gaa  that  lias  left  the  boiler,  uJ 
thus  to  employ  heat  tlmt  would  otherwise  be  wasted.  Tlie  eooleri, 
that  is,  the  lowest  portions  of  the  water  in  the  boiler,  shoolil,  H 
practicoble  and  convcuieut,  be  coutij^uoua  to  the  coolest  imrteof  Uw 
niniaoe  and  licatiog  surface;  and  if  there  is  apparatus  for  n^"^ 
hating  the  steam,  or  raiding  it«  teiujierataro  above  tbe  boilingiiaiBt 
oorrespondiiifi  to  ita  pressure,  that  apji&ratiis  will  be  most  emsfBt 
if  pla(^  iu  tiie  hottest  port  of  the  furnace,  like  that,  for  exsmplst 
of  Messrs.  I'arsona  and  I'll^m. 

221.  KMeiencr  •€  u««Unb  iM*rinc«s — When  s  layer  of  inetaL 
lying  between  two  flowing  musses  of  fluid,  serves  as  the  mMUV' 
tmujimitting  heat  from  the  hotter  to  the  cooler  of  those  mase^lb* 
proportion  boruo  by  the  quantity  of  heat  so  transmitud  to  lin" 
whole  quantity  of  heat  which  the  hotter  mass  must  lose  in  nnlrftu 

luce  it  to  the  temperature  of  the  colder  mass,  may  be  called  Uw 
.Jjffieiencjf  of  the  heating  surface  of  that  layer  of  metal. 

In  most  of  the  cajies  tlmt  occur  in  practice,  the  layer  of  wctt) 
consists  of  tho  flues,  tubes,  and  other  portiomi  of  the  solid  materiil 
of  a  boiler  which  are  exposed  to  heat ;  the  cooler  fluid  is  the  vitcr 
in  the  boiler,  which  is  introduced  by  d^rees  in  the  liquid  state  it 
a  low  temperature,  raised  to  a  higher  temperature,  and  evapnnUwi"- 
the  hotter  fluid  is  the  stream  of  air  and  hot  gases  which  comes  £rots 
thefumaoe,  flows  along  the  heating  surface,  and  finally  escapes  tn 
the  chimney. 

Let  W  denote  the  weight  of  gas  given  out  l^  the  furnace  in  vt 
hour ;  e'  it«  specific  heat  at  constant  preasure ;  T  —  t,  tlie  exam 
of  its  temperature  above  that  of  the  water  in  the  boiler  when  it » 
in  contact  with  some  given  portion  of  the  heating  surCice,  the  are» 
of  which  poitioa  is  a  a;  let  q  denote  the  rate  of  conduction  j<i 


!  foot  of  Burface  per  hour,  oorreaponding  to  the  difference  of 
iture  T  —  f ;  then 

qda 

.fr  lieat  transmitted  bj  the  portion  ds  of  the  heating  Burfiue 
ihuu  tho  hot  gas  to  tlie  vator,  and 


■    uuui 


.(1.) 


~a^Uie  lowering  of  the  t«inperatQre  of  the  gas  by  passing  orer  the 
portion  of  heatio);  snrfiice  Us.  Jt  arrives  ut  the  next  eleucutaiy 
portiou  of  lieating  surt'aco  with  a  dimiimhed  t«mperatiire,  and  the 
imte  of  conduction  ia  therefore  diminished  ;  so  thut  coeh  aucceesive 
equal  jKirtion  of  the  heittiug  surfuoo  tmnsniits  a  le«3  and  a  less 
iLity  of  htrat,  until  thu  hot  air  at  last  le&ves  the  heating  surface 
eB(»pcti  up  tho  chiuney,  with  a  certain  remiiiiiiu}r  excesa  of 
Lturu  itbove  thftt  of  the  niiter  in  the  boiler,  the  he»t  corre* 
kding  to  which  exceiss  is  wasted. 

>t  T|  denote  the  temperatiue  of  the  hot  gas  when  it  first  comes 
itAct  with  the  heating  Burface ;  T^  i(A  tein}>crature  when  it 
'  leaves  the  heating  surface;  then 


.{%) 


thole  heat  expended  per  hour  is  c*  W  (Tj  —  t);  \ 
\hnt  wuted  per  hour  «'  W  (Tj  —  <) ;  /  '  ' 

I  efficiency  of  the  heating  surface, 

Ti  — (  ' 

all  those  qunntitiea  are  connected  together  by  the  equation  1, 
either  of  the  following  equutionii,  which  are  different  ways  of 
)g  its  integral : — 


.(3.) 


_8__  /■f»£T 
c'W~Jt.    q   ' 


.(4.) 

.(5.) 


8         ff»£T 
T.    ? 
rhich  last  equation,  S  denotes  the  whole  heating  surface. 
to  represent  these  principles  graphically,  draw  A  D,  fig.  90,  to 
I'repreaeDt  the  whole  heating  surface  S;  and  let  any  portion  of  that 
line,  such  na  A~X,  represent  e,  a.  part  of  that  surface.     Let  the 
^,  the  rate  of  conduction 
prodacefl,  tuko 
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c-W(T,-0. 


.(«.) 


then  the  rectangle  0  A  •  A  B  will  repreeont  the  whole  heat 

pcuded  per  aeoond.  

Let  the  ordinate  X  Y  =  q 
the  rate  of  conduction  oorrcspondiDg  to 
the  temiKirature  which  the  hot  gas  bll 
ufter  liuWng  passed  over  the  portioa 
AX  =  «  of  the  heating  sor&oe,  and  \d 
B  y  E  be  a  carve  dmwn  through  thi 
summttii  of  a  series  of  Bnch  orJuiatM' 
then  the  area  of  any  part  of  that  cu; 
such  as  ABYX,  represents  the 
transferred  |wr  hour  through  iho  part  $ 
the  area  ABED  represents  the  heat 


fig.  90. 


of  the  heating  sttrfiice; 

transfiTrod  per  hour  through  the  whole  heating  surface  8;  and 
when  the  curve  B  Y  E  is  produced  indefinitely,  the  area  contained 
between  it  and  its  asymptote  A  D  approximates  indefinitely  to  that 
of  the  rc>ctaoglc  O  A  ■  A  B! 

The  deAnite  results  of  these  principles  depend  on  the  i«latioD 
between  q  and  T. 

Cask  1. — If  we  assumo  Ptx-let's  fonnula  (Article  219,  eqoatioD  0) 
for  the  thermal  resistance  of  the  platen,  we  find 

j=A{T_0[l+B(T-Oj; (7.) 

and  this  value  being  introduoed  into  equation  5,  gives  for 
integral  of  that  equation 


-1. 


and  for  the  efficiency  of  the  heating  Burface^ 

^  «^»+  f«?^_  ij  B(T^  — 1) 

The  values  of  the  constants  A  and  B  under  difl'erent 
stttnoea  have  been  given  in  Article  21!). 

The  \Tklue  of  e'  *  i.4  easily  found  by  the  help  of  a  table  of  h] 
bolio  logarithms,  being  the  number  whom  hyperbolic  logarit' 
A  S  ^  c*  W. 
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Case  2. — The  above  formula  being  too  complex  for  ready  uae  in 
prBdioe,  and  the  values  of  A  and  B  being  uncertain  in  fiuiiaoes  at 
liigh  teiuperaturea,  tlio  suppoiiittoQ  expressed  lu  oquationa  8  and  9 
of  Article  219,  viz.,  tliat  the  rate  of  conduction  Ia  ni>ar]y  pmpor- 
UomJ  to  the  square  of  tli<j  dlfTercncc*  of  tcmpuralurc,  baa  been  tried, 
and  found  to  agree  veil  with  experiment,  aH  will  afterwards  be 
«bown.     That  suppositioiL  giv«g  as  tbo  iDtegral  of  equation  0, 


8 


=  '''{f^-r~t\'' (>'*•) 


from  which  is  easily  dctluced  the  following  value  of  Uio  efficiency 
of  (iie  beating  sur&co  : — 


Tj  — i       8<T,  — 0+ac^W ^^'•' 


Tbia  may  he  put  into  anotlift  fomi,  ad  follows  : — Tvct  H  denote 
the  expenditure  uf  beat  iu  an  hour,  iu  ntisiug  the  tenipeiuturo  of 
the  hot  gas  alKA'e  that  of  the  water;  then 


.(13.) 


Kod  making  this  substitution  iu  equation  1 1>  we  find  for  the  effi- 
ciency of  the  snrfaoe, 

W (13) 


S 


H 


TTiis  result  is  represented  graphically  by  taking,  in  fig.  90, 

a  c"*  W« 


A0  = 


H 


■nd  making  B  Y  £  a  hyperbola  of  the  second  order,  with  0  D  and 
O  C  for  iu  asymptotes. 

The  values  to  be  assigned  to  the  constants  in  cqoation  13,  will 
be  inveati({atc-d  iu  Chapter  II. 

2'22.  c««Uh«  MMrface— B«rfite«  c«Mac«Mitaiw — Tbo  formuUe  of 
the  preceding  Article,  caae  1,  equations  8  and  9,  are  ma'le  »i>plj- 
cable  to  cooling  surfaces  as  foUowB : — Let  t  denote  the  temperature 
of  a  film  of  liquid,  at  one  side  of  a  metal  phito;  S,  the  extent  of 
cooling  surface,  as  before ;  let  heat  be  communicated  to  the  liquid 
mt  the  t«m[K!rature  t  by  Home  such  process  as  the  condousatioa  of 
•team,  and  let  that  be  abstracted  by  the  flow  of  a  current  of  air, 


I 
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vnter,  or  oUier  fluid,  tu  oontect  vith  the  metal  plate ;  the 
of  fluid  which  Sows  put  per  second  lidiig  W,  its  specific  he 
its  iiiitiMl  tctnpciatare  Tj,  being  lower  thui  t,  and  its  final  temi 
tura  Tj,  still  lower  ttuto  I,  bnt  hig^ber  than  X|.     Then  in 
cquoti'^DB  t  —  T.  ii  io  be  suhstitated  for  T,  —  <,  and  t  —  T,l 

An  obstacle  to  the  use  of  the  fonnola  «a  thna  modified  is, 
the  oonstonts  A  and  B  have  not  jet  been  oacertained  (at 
"mirfiusa  oondensation "  of  etaun.  It  is  only  known  that 
eonveelioH  of  heat  by  a  vapour  in  the  act  of  condunaing  is 
rapid  than  by  subsUnoee  in  other  conditions;  and  that  In 
particular  experimonts on  the  Rnrtiice  cond^n<ation  of  steATO,  <. 
remits  have  been  obtained,  of  which  the  following  are  exampleij 


CmiBnsflaU. 


Air, 


Wa»fr. 


Its  ioltul  1HD> 

HraUtraT, 

69* 


68"  to  77' 
I 


Material  of 

pistea  or 

tabea. 

Out  iron. 

Sheet  iroD, 

Glow, 

Copjier, 

Tuiplat«, 

Ooppsr, 


StMun  ow- 

danied  par 

•qoanfoot 

per  boor. 

Urn. 

036 

036 

0-35 

0  38 

0-3 1 

ax'S 

100*0 


Antberi^ 


PeelA 


In  ihewi  experiments,  each  pound  of  st«aia  may  be  estimit 
nn  uvonge  as  oorraipondiug  in  ronnd  numbers  to  about 
llritifth  thermal  unita  

The  rapidity  of  tlie  condensation  depends  mainly  on  that  of  Uie 
iilatiou  of  the  cooling  fluid  at  the  other  itidc  of  the  plate 
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CHAPTER   n. 

OP  ooHBuamoK  and  fuel. 

a«u  w  CMMfeaatiaa  mt  Biencsu. — Kvc'iy  cliemie 
ton  is  acoompftDied  \iy  a  prcxhietkin  of  hrat:  ovcry  deooni- 
by  a  (ItHappttarance  of  heat,  eqnal  in  amount  to  that  which 
cd  \}\  tilt.'  cumbinattoQ  of  the  L'lcoicuts  which  are  jieparBited. 

complex  chemical  action  takes  place,  in  which  various 
ions  and  decompositions  occur  simultaneously,  the  heat 
is  the  excess  of  the  heat  produced  by  the  oonibiuaiioriK 
3  heat  which  diaappfara  in  consequence  of  the  decompoai- 
louetimes  also,  tlio  heat  ]in>du(;od  is  Kubject  to  a  further 
1,  on  aoooant  of  heat  wliich  diaappears  in  molting  or 
ng  MMUo  of  the  substances  which  oomoino,  either  before  or 
IB  act  of  combination. 

iition  or  burning  is  a  nipid  oliemical  combination.  Tli« 
1  of  comburtion  which  is  used  to  protbice  heat  for  dri\-inc 
inee,  ia  the  combination  of  fuel  of  difierent  kinds  with 

in  the  ordinary  sense  of  the  word  combtutibte,  it  means. 
>/  eombining  rapidiy  with  oxj/gen  ao  at  to  produce  heat 

By  an  eUfnentary  or  »impte  guMemca  ii  meant  one  which 
r  Men  decomposed. 

kief  elciucntary  oombusiiblc  constituouta  of  ordinaiy  fuel 
n  and  hi/drogtn.     Sulphur  ia  anothn*  combiutiblo  oon«ti- 

ordinaxy  fuel;  but  ita  quantity  and  ita  heat-producing 
e  BO  snudi,  that  its  prrsrnco  is  of  no  appreciable  value, 
noes  combine  chemically  in  certain  proportionH  only.  To 
iie  substances  known  in  chemistry  a  certain  number  can  bt* 
called  its  " efiemual  equivalent"  haii-ing  these  properties — 
the  propurtions  by  weight  in  wliich  subatttnws  combine 
ty  can  all  be  expreaswl  hy  their  chemical  equivalenta,  or 
9  multiples  of  tlieir  chemical  cquivaleuta     21.  Tliat  the 

equivalent  of  a  compound  is  the  sum  of  the  chemical 
its  of  its  conirtitnentM. 
cal  equivalents  are  snmetiinea  callwl    ntomic  tedglUs,  or 

acoonlance  with  the  hypotheaia  that  thc>-  are  proportional 
eights  of  the  supposed  atoms  of  bodies,  or  »maiie8t  titniia^\ 
a  which  bodiefi  are  aamimed  to  be  divisible  by  known  Jovms. 
I  atrni  is  coQvcuicut  from  its  shortQeas,  and  can 


^ 
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nieau  "  cheraicul  oqiiivalent,"  without  neoesaarily  oJlinniDg  or 
(lunyiug  the  hypothesis  irom.  which  il  it  derived,  aud  which,  do« 
probab^  soever  it  may  be,  is,  like  other  molecul&r  hyputtMM, 
inopable  of  absolute  proof. 

Tho  cbemiool  eqoivaleuts  of  substaooea  in  the  perfectly  gaseoa 
state  are  known  to  be  either  exactly  or  very  nearly  proportioaal  (o 
their  duuaitios  at  the  same  pressure  and  temperature,  or  aim(d« 
multiples  or  submultiples  of  those  deuatiea  In  other  woni^ 
perfout  gUiA^  at  u  giveu  {jitSMure  and  temperature  comblni^,  cithei 
exactly  or  very  neariy,  in  frimpio  numerical  proportions  by  nVtMU 
The  vitluTiie  uf  the  compound  aldo,  if  perfectly  gaacoiu,  han 
alwBVS,  either  exactly  or  very  nearly,  some  simple  numerjoal  i 
to  the  volumes  of  the  constitnentA,  at  the  name  prenare  and 
peraturo. 

These  principles  have  already  been  Uluatnted  in  the  cose  of  I 
cempoi8iti<:in  of  steam,  in  Article  202. 

Tlie  following  are  the  chemical  equivalents,  aocording  to  tk* 
British  kc»1»,  of  the  princijuil  elementary  oonstitacntB  of  fiiel,  V>^ 
of  the  atmospheric  air  from  which  the  oxygen  required  for  eom- 
buRtion  is  derived,  together  with  the  symlMls  naoA  in  chemiMl 
writings  to  denote  them,  imd  their  chemieal  «gwvaIfMt$  by  vettM 
in  the  jjerfectly  gaseous  state  : — 


NanM. 


firnboL 


CbnniaU 
•ijnlnliQi  by 

wdgto. 
...       8     ... 


•Idi 


Oxygen, 0  ....... 

Nitrogen, N  14 

Hydrogen, H  i 

Cjrbon, 0  6 

Sulphur, 8  16 

Tbeao  numbers  are  given  neglecting  fracttouH  too  small  to  he  I 
consequence  for  the  pui-jxisea  of  tlie  pi-esent  treatise. 

The  oompoirition  of  a  cximpuuod  substance  is  indicated  in  cheou* 
cal  writings,  by  affixing  to  the  symbol  of  each  element  the  oan* 
ber  of  its  equivalents  which  enter  into  one  equivalent  of  the 
compound. 

The  following  table  sliows  tho  oompoaition  of  tboae  oranpoandi 
of  the  above  elements  wliieU  oro  of  importauco  to  tho  purposa  flf 
the  present  treatiw,  either  as  fiimiAhing  oxygen  for  oombustioD,  m 
entering  into  the  comjw.'ution  of  ordinary  fuel,  or  as  being  produced 
by  the  combustion  of  ordinary  fin.-l : — 


^ 


OF  ELEHCm. 


SmMor 
S«ne.  rliwifgl       of<       ^ 

Air, «...  N,0   N  38  +  0  8 

W»ter^ HO 

Qonia, N  H, 

suic  oxiJe,  C  O 

jnic  und,...  C  O, 

CH, 


A  gas, 


fire  (lamp, 


Ht+08 
H3  +  N14 

C6  +  08 
C6  +  O16 
Cra  +  Ha 

C6  +  Ha 


Cl  +  Oi 
Ct  +  Oi 
Ct  +  H* 

CI+H1 


The  tiutt  tvo  Bulstanoee  azc  tko  diicf  logrDdieata  of  ooal  p& 
(Tliere  are  nnraerotu  other  oompoandi  of  bjdrogeD  aad  cmHiCB, 
^iiown  genendly   as  "  hydro-caHwns,"  and  compntia^  ■moopt 
other  sabst&noes,  varvras  ftuiUe  and  Tolatile  mi^uImiiiIi  of  eoftl; 
but  it  is  unneoeanry  to  give  their  Awnioal  rompiMition  in  dctaiL] 


Iphnrotu  acid^ S  O. 

,phnretted  hydrogen...     S  ^ 
pliaret  of  cauiiuD,...     S|  C 


8  16  +  0  16 
B16  +  H1 
83a+C« 


31 
38 


e  French  ncale  of  equivalpnts  diSen  from  tlw  Britiiihi  pfinfi- 

in  tuiiking  the  equivalents  of  oxjgai  aad  mdpkaa  hjf  vdgfat 

«f  a»  oompored  with  the  t^joivakBla  of  nuMt  athtr  fhmnA*, 

in  tmkiiiLg  100  to  represent  the  equiralflntof  onjpn,    Tlun 

sjinbol  for  water,  according  to  the  French  Bfwtcm,  ta  ^O; 

•lid its  equivalent  (0-2o  x  2)  +  100  ==  1  l2o. 

The  following  table  dhows  the  total  heat  of  oambustkii  with 
*txTgeD  of  one  pound  ai  each  of  the  elementary  lofaatanoes  iMmad  ia 
H,  ID  Criitah  thermal  units,  and  also  in  lbs.  cf  water  evapmsted 
from  212^.  It  alao  ahowB  the  wdght  of  ozjgen  xvqnired  to  catn- 
ip with  each  pound  of  the  oombiutifale  elazKot,  and  the  weidit  of 
»ir  nocwsary  in  onler  to  mpply  that  oxygen.  The  qu&nUuw  of 
Wt  are  given  on  the  anthority  of  expmmrata  made  liy  HM.  Fuvra 
'-^  Bilbermann   (See  Annala  deChtmu,  1853^3,  vols.  34,  36,  37). 


i 


^ 


Lb.  oxfgsn 
CombattiUe.  pw  lb.  oT 

conbodblc 

fj^rogen^a, 8 

Qirbon,  imperfectly  burned  | 
iD  as  to  make  carbonic  :   i( 

tmAc, I 

CWrbon,  ooaiplt-toly  humed,  | 
00  as  to  make  carbonic  )■  2% 
«id, I 


U.«k 


3fi 


12 


ToCilhMl 
IMihkadu. 

63,033 


4,400 


14,500 


ETflfoniHp* 


64-9 

4M 


In-O 


ro 


9TZA3i  jurn  otsek  rcat  BtGnczs. 


I 

I 


Ic  H  to  be  olaerrcU.  that  the  Imperfect  oombostioo  of  _ 
aMkiii^  eulioaio  oxide,  prodnoa  lm»  Utan  onA-third  of  iha 
which  »  yielded  by  the  complete  ocaubuslion. 

S34.  tmbi  n«M  «f  rtitwiHiii  wr  r— >imj* — The  foUt 
is  ■  amilar  ubic,  ou  Um  ante  snthority,  for  the  more  iiuji 


OkfiaakflM^irK, 

Variooi  fimid  hjdrocBZ^ 

hoM»llk, 

Ou-faatiia  oxide,  w  mu^ 
■A  h  maAt  hf  the  im- 
perfect  auhmtion  of 
1   Ih.  of  auhon,  Tm, 

a-U*-- 


3* 


Lkair. 


Tol^bMt 

Bri^ftb  oaUa. 


r) 


»5'  ai»344 

{from  Jijcso 
to     19,000 


XO,IOO 


fonr 
ttwa  ilt„ 

321 

from  3i\\ 

to      30 


1041 


I 


With  Rg>id  to  the  quantities  stated  in  this  and  the 
Ankie  ••  being  the  total  heat  of  cumbusuoti  re^iectiTely'af 
rwonbitBly  bmned,  carbon  imperftctly  barned,  and  carbonic 
the  fbUomag  «X|daiiatiaa  has  to  bo  made: — 

The  bonuiig^catlKm  is  ahvvfH  complete  at  6r^;  thatiatai 
one  powid  of  ouiboa  T^nmHntr  with  2j  Iba.  of  oxjgcD,  and 
•^  ll».  of  eaihcttie  acid;  and  ahiumgh  the  carbon  is  solid 
dteftetj  hefiire  the  oombaitiaB,  it  paaes  dtning  the  combustioa  ii 
the  phwouB  8tat«,  and  the  carbonie  add  is  gaseous.  This  u^rmiuttl' 
the  proeaH  whwA  tha  hyer  of  carbcn  is  not  so  thick,  and  the  etip|i^ 
«f  air  not  ao  BBall,  but  that  o^gen  iu  suffictcpt  quouUtj  on  g^ 
diraet  aeoeae  to  all  the  aolid  oarboa  The  qiiaotitT  of  beat  prodncod 
is  14,900  thennal  nmte  par  IK  <tf  oubon,  as  afaisadx  fitBU:d. 

Bttt  in  other  oaaea  part  of  the  solid  carbon  ie  not  sopf  died  diiecUf 
with  oxj^jeo,  bat  ia  first  heated,  and  thai  diasolTed  into  the  guec« 
atat^  h^  th#  hot  oarbouic  acid  gas  hota  the  otlier  parts  of  tin 
Atmacn.  The  3}  IhL  of  carbonic  add  gas  from  1  Ib^  of  carbon,  fli> 
c»paU«  of  dtvolving  an  additimiil  IK  of  c&rbun,  maluiig  i|  lbs-  cf 
oertewie  mmU  f^;  and  the  Tohine  of  this  01s  is  double  of  thst  of 
thv  caiKwit  aod  mm  whi*^  prodaoca  ik    In  Urn  caae,  the  btat 

tav-Hlticot),  rtuMad  N  being  that  due  to  the  eocnplete  oambnstiao  of 
Ih.  of  carfaoi^  or ^ » I4i5"' 

Wle  to  the  aaKnint  da«  to  the  iiupetfi?ct  combustion  of  3 
Iha  t<f  vw^di^  «r..«,.»« a  X  4r»<»  =  ^'^ 

ShawiHK  a  fc—  of  hast  to  tho  amount  of. ^ 5.7'*° 

«U«hdM|ft»MifetohUili^|^^|^|^poundof<subuD.  Should 
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iftop  here,  as  it  does  in  furnaces  ill  mpplied  witli  air, 
llto  of  fuel  in  very  f^reat.  But  vrbeu  thu  4^  lbs.  of  oirbonic 
1S^  containing  'J  \l>a.  of  carbon,  ih  mixiKl  witJi  a  sufficient 
I  of  fraah  air,  it  bums  with  a  blue  lluniu,  coiubiuiiig  with  an 
pnal  3|  Ifas.  of  oxygt^n,  making  7^  lbs.  of  carbonic  acid  gab, 
tring  additional  neat  of  double  the  amount  due  to  the  com- 
of  1^  lb.  of  carbonio  oxide;  that  is  to  say, 

io,ioo  X  3  =  30,aoo 
being  added  the  heat  [ffodaced  by  the  imperfect 
ibustitm  of  ^  Ibe.' of  carbon,  or 8,Boo 

I  is  obtained  the  heat  due  to  the  ooinpletc  combustion 

9  lbs.  of  carbon,  or 2  x  i4>50o  »  39,000 

ktie  total  heat  of  combuiition  of  olctiant  ga>i  be  compared  with 
bf  its  oonstitaente  tukcu  seporutely,  the  result  is  aa  follows  :— 

ib.  carbon;  14,500  x  r =  12,430 

It  hydrogen;  63.032  x  = =  8,86a 


t  of  ooiubufition  of  1  lb.  of  ole&mt  f^  aa 
pated  by  adding  together  the  quautitien  of 
t  produced  by  the  combustion  of  its  consti* 

toenta  separately, 

(bond  by  direct  expennient 3i)344 


21,39a 


Diflcrenct', 


52 


pilar  comparisons,  for  other  bydrocurfaons,  give  the  eaoie  re< 
inrly,  though  not  exactly.  From  these  facta  it  ia  coucludL-d, 
Ae  total  heat  of  combuation  of  any  compound  of  hydrogen  and 
■  i»  nearly  the  mtm  of  the  (/uatUUt^  of  heiU  tchicft  t/te  hydrogen 
nrion  wntained  in  it  tooiUd  produce  »epara£ely  by  their  com- 
M.    (Uarah-gas  is  au  exception.) 

;eoropating  by  this  mlo  the  total  heiit  of  combuHtion  of  a  com- 
A,  it  is  convenient  to  substitute  fur  the  hydrogen  u  quantity  of 
(D  whieh  would  give  the  same  quantity  of  heat;  and  this  ia 
by  multiplying  the  weight  of  hydrogen  by 


63,03a 

14,500 


=  4-28. 


PPpears  from  experiments  by  Doloog,  by  Desjiretz,  and  by 
k,  that  in  computing  the  total  heat  ef  combustion  of  com- 
mtjiaositMDJoff  at^ffun  as  well  S3  hydrogeu  and  oaxVioii,  1\a 
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ftAiniig  pnndple  ta  to  be  obmrred : — Wh«n  hydrogen  and  i 

'  i  ■•  •  mmptuitd  tw  fA«  jrropvr  pr^pmium  to  fann  tniler  (l 
,  T«rf  nearly,  one  part  of  hyili-o-fen  t<»  fight  of  OS 
'tmokta  kave  no  ^ed  <m  tA$  total  fuat  o/  combutlum. 

It  faUawi,  that  if  hyrlr^a  exists  in  «  greater  proportino 
amMB^  IK  order  to  form  vnt«r  wit)i  the  oinrgen,  only  the . 
ft  liwiwgin  aboTe  t]iat  wliieli  is  required  by  Hie  oxygen  ii 
•ikiH  Into  acooant. 

Fran  tbe  prpoeding  principles  is  deduced  the  foQowiiu; 
CiBBirift  for  t&0  total  heat  of  combiuition  of  any  compound  of  - 
tfe  IVOKSpal  oonstittiontn  are  carbon,  hydrogen,  ana  oxygon  :- 

Lot  C,  U,  and  0,  be  the  fractions  of  (me  pound  of  the  cota| 
«Uc4  eouBct  respectively  of  carbon,  hydrogen,  and  oxygenj 
MMvAr  brag  nitrogen,  a»h,  and  other  impuritiea. 

iM  h  W  tW  totel  heat  of  combust  ion  of  one  ponnd  of  the 
in  Bdtiafa  thenmU  units.     Then 

*=  14,50o|c^4-28  (n-g)  I (I.i 

S  dnote  tlie  tlieomtical  evaporative  power  of  one  poimd  of  I 
*  IB  pouuib  of  wator  evaporated  from  and  at  212".   "* 

=  4.1s{c.1-28(h-?)} d 


I  flialedf  that  the  ralnen  adnnted  in  this  . . 
jnlmBtiaiiof  carbon  and  of  hydnjf;vQ  are 
I  of  IDL  Fbitto  and  Hillwrniann. 
^  ^  ^gg  ^  hrdnyn,  the  results  of  these  exjierimeota 
^gaeK  vilk'tbow  <d  the  experiments  of  Duloog  (Cc 
-™^  ^^  1^  lotal  boat  of  combnfltion  of  one  ~~" 


«»  fva*  and  Slfaennann, 62,03a  Britiidi 

^  III*  atfitenent  unongst  diflferent 

^m^im-    ^^  foSowing  i«  a  comiiariaon  of  aonMJ 

,  -■     ■---' , ^3,906 

M.o-io 

U.500 

and  SUberuianu  is  adui 
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traBtiBe^  becanae  of  the  great  deUraty  and  prrcisioD  of  Ui« 

ts  and  proocsses  by  which  it  was  obtained,  and  Iwcanse 

M  nnmbpr  of  different  results  ns  to  total  heat  of  com- 

,  thi-  highest  is  on  the  whole  tht!  most  likely  to  be  correct. 

■  the  vrnm  being  cansed  by  losses  of  boat 

.  Kiad>  mm*  iiip«4it-nu  mf  Purl. — The  ingredients  of  erery 

f  fii- 1  ..x»mmoaly  used  may  Ix*  thus  class«*il: — - 

r/nw  earftoii,  which  is  left  in  the  foi-m  of  charcoal  or 

.,-.  ^i.c  vtilatilo  iu;^difuts  of  the  fuel  hnve  been  distilled 

TliU  inpn>difnt  biirna  either  wholly  in  the  solid  stato,  or 

1  the  Nolid  utate  and  jMrt  in  tlie  guaeoDs  HtAte,  the  latter  part 

fint  dissolved  by  previously  fortnod  carbonic  acid,  a»  already 

wi 

.)  ffj/droearhatu,  such  as  olefiant  gas,  pitch,  tar,  na|}htha,  Ac, 

rhicb  must  pass  into  the  giwous  state  hpfore  being  bnmed. 

mixed  on  their  fir^tt  i^iiiug  from  amung^  the  bunung  carbon 

burge  quantity  of  air,  t.hwtf-  inflaniniahle  gases  are  completely 

vith  a  iran^pareat  blue  flame,  pr-Khicing  cnrbonio  acid  and 

When  raiwHi  to  a  i-wJ  boat,  or  therpiilK»ul«,  liefore  being 

with  a  sufficient  quantity  of  air  for  perfect  combustion,  they 

■    ttxin  in  fine  powder,  and  ji&ga  to  tho  oondi(ir.n  partly 

and  ijartly  of  free  hydrogen;   and  the  higher  the 

iiiuftt,  the  greater  a  the  proportion  of  carbon  thus  dtsen- 

di!fcngagcd  carbon  is  cooled  bolow  the  t^-mppratare  of 
'  ■"fnre  coming  in  contact  with  osypyo,  it  conatitutes,  while 
'  I)  the  gas,  SMOKE,  and  when  d^-]Hi}Ait<'d  on  siilid  bodies,  soot. 
the  dbiengagMl  carbon  i.-*  niaintiiined  at  the  tcmpctntturo 
•n,  and  siip))hvd  with  oxygen  nufHeiout  fur  il«  couibuHtion, 
wliilf  IlniiUng  in  the  inllanimablo  gait,  and  formn  ekh, 
"r  wiyre  fuuie.  Tlie  flame  from  fiicl  is  t^e  largex,  the 
■  ''■  'ts  cumbiistion  is  effected. 

1-71  fitui  ki/drogen  eithtrr  actually  forming  water,  or 

li.^ni;^  iji  i...uibinatii.m  with  tho  other  constituents  in  the  propor- 

Ihu  which  form  water.     Acconling  tr)  a  principle  already  atated, 

"'       ■  iiititie»of  oxygen  and  hydrogen  are  to  be  left  out  of  account 

[(lining  the  heat  generated  by  the  combustion.     If  the 

ity  of  wftl«r  iictuiilly  or  \"irtiially  present  in  eaeh  ponnd  of 

so  great  as  to  make  itfl  latent  heat  of  cvnjKinitiou  worth 

ig,  that  heat  is  to  be  deducted  from  the  totjil  heat  of  com- 

'  the  fuel. 

ice  "f  water,  or  its  e"»n-'<titnents,  in  fuel,  it    i  '■  ■ 

r.f  ?Tnoke,  or  of  the  carbonacenus  flame,  whi^ 

1    niay  be,  probably  by  mechanically  &w 
of  carbr^n. 
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containB  from  0*06  to  018  of  ita  weight  of  aah,  tlio  iv- 
being  carbon. 

of  a  {>orou8  texture,  it  readily  attmctB  and  retains  VatcT 

atmosphere;  and  HometiiDes,  if  it  is  kept  ^-itliout  projier 

from  0-lJ>  to  0  20  of  its  gross  weiglit  couslstfl  of  moLstuix:; 

Cm/.— -The  extreme  dilferetices  in  the  chemical  0(Hnpositiou 

Riroperties  of  different  kinda  of  coal  are  very  p*eat;  but  thv 

iHT  of  those  kinds  is  very  great,  aad  the  gradations  of  thfir 

.  Kmall 

I  [ion  of  fne  carbon  in  coal  ranges  ^m  30  to  93  per 

.-iL  tit'  hrdrocarbons  of  various  kinds  fi-om  5  U>  58  per 

..it  of  watvr,  or  oxygon  and  hydrogou  iu  tbo  pn>|ioriiou!!t 

fonn  water,  firom  an  inappreciably  luaall  quantity  to  27  per 

tliat  of  ash,  from  1|  to  26  per  ccui 

nnmproufl  varieties  of  coal  may  bo  dinded  into  ^trincipal 
aA  follows: — 
t  Anthracite  or  blind  coal. 
I  Dry  biUuninuuB  ooaL 
[Caking  coaL 

ll/iog  flaming  or  cannel  coaL 
''jtgnito  or  brown  coaL 
Anthraciie  or  blind  eoal  consists  almont   entirely  of  free 
It  has  H  colour  intermediate  between  jet  black  and  the 
-black  (if  plimibago,  and  a  lustre  apinxiacbing  to  metallic. 
I  specific  gi-Bvity  is  from  1'4  to  l-C,  that  uf  water  boijig  1. 

without  nmoke,  and,  when  dry,  without  flame  also ;  but 
ice  of  moisture*  iu  it  produces  small  yellowish  flumos,  iu 
explained  in  Article  22-'>. 

I  a  high  temperature,  and  in  general  a  bhut  produced  by 
for  its  oombnstion,     If  suddenly  heated,  it  splits  into 
pdccTfl,  which  are  liable  to  fall  through  the  gi-ate  Inirs  of  the 
and  be  lost.     In  fiiniaces  where  it  is  used,  therefurti,  each 
prtrtion  should  be  gradually  heated  before  being  ignited, 
-y  biCnminoiu  coal  contains  on  an  avernga  from  70  to  HO 
of  free  carbon,  about  5  per  cent  of  hydrogen,  and  4  j>ur 

P,  of  oxygim;  so  thnt  4  J  |>er  cent,  of  hydrogen  is  available  to 
ooe  heat.     This  hydi-ogen  exists  in  combination  with  part  of 
rarbon.     Such  coal  burns  with  a  moderate  amount  of  flame, 
ikd  UtUc  or  no  amoka      Ita  average  specific  gravity  is  about 

(3.)  BitianrnMu  eaiang  coal  contains  on  an  average  from  50  to  60 
IT  cent,  of  fr«e  carbon,  and  abtmt  equal  weights  of  hydrogen  and 
mten,  amounting  to  from  10  to  12  per  cent  of  its  weifcht  It 
ift^ns  when  exposed  to  heat,  and  pieces  of  it  adhere  together.  It 
rwlucva  more  flame  than  dij  bitam'mona  coal,  aud  bW>  produoeft 
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*lejfree  of  diynrsa,  or  almost  i>erfect  dryness  if  required, 

v  a.  few  dais's'  di-yitig  lu  an  oven  8ui>j)lied  witli  oil- 

li-nbuit.     Wlicu  cuul  or  cuke  in  used  as  the  fnel 

rtui,  I  ib.  of  I'ui?!  £uffioe«  to  expel  About  3  Ibu.  of  moisture 

rood.     'Dna  in  Uic  result  of  experimeuts  oo  a  large  scale 

R.  Napier.     If  air-dried  wood  wfro  used  as  fuel  for  the 

3  to  2^  Ibii.  of  wood  would  probabljr  be  required  to 

me  ^ect 

gravity  of  diflerent  kiuda  of  wood  ranges  from  0'3 

dry  wood  cnntains  about  50  per  cent  of  carbon,  the 
>  OOasiiftJu}^  almost  eutirely  of  oxygen  aud  hydrogen  in  the 
rUch  form  wat«r.     The  coniferous  family  coutaiti  a 
of  t^irpentine,  which  is  a  hydrucai-bou.     The  pi-o- 
hin  wood  18  from  1  to  5  per  cent     The  totid  heat  of 
all  kiudti  of  wood,  when  dry,  is  almost  exactly  tlie 
"that  due  to  the  jU  per  cent,  of  carbon. 
Tk»  Tociu  a<wi  «f  c«MbH*«i««  of  fuel  is  ci>m|mted  from  ittt 
oompiKutiun,  accordiu'^  to  the   prinoiplus  explatnei   i:i 
t23,  :}24,  and  '2'2r}.     Thu  following  tablu  gives  the  results 
)nii"i(;itii..uti,  fymi<l(]d  chietly  on  tho  finalyscs  of  M,  Kcg- 
I'l.ivliiir,  and  Frofejwor  Richardson.      The    uuuiei-oua 
[fiii-l  i>i  ^liich  aualy^-H  hu%-u  appL>nn-d  have  been  olastted  in 
d  till-  lu-eragti  chemical  composition  ul'  each  group  com- 
ij  this  pnicfWH   have  been  obtJiiued  the  proportions  of 
hjrdro^fn,  and  oxygen,  given  in  the  columns  headed  C,  H, 
IptHTtively. 

lumn  headed  C  BhowB  the  weight  of  pure  carbon  whose 
I  of  oombustioa  would  be  the  aamo  with  that  of  Uto  fuel, 
the  formula 


C  =  C  +  4 


-(«-«)• 


IS  C'  is  the  theoretical  evaporative  power  iu  poundi  of  water 
aud  evaiKiruUd  at  212"  by  one  pound  of  fuel 
JO<l  C*  is  the  total  heat  of  combiiHtiun  in  imundu  of  water 
degree  of  Fahrenheit.     Each  kind  of  fuel  is  supposed  to 
dty,  uidesH  otberwise  speciBed. 

(met  to  tbeexiimples  of  coal  gi^-en  in  the  following  table, 

erved  that  they  are  all  of  good  quality,  lui  it  has  never 

•«  praotloo  to  submit  btul  coaU  to  chemiRts  for  aiuilyiuH.     It 

ittimated  thiit  the  total  heat  of  conibuation  of  the  wornt  coal 

n  Coal  6eld  in  about  two-UiirfU  of  that  of  the  bej^t,  the  dill^r- 

Dg  chiefly  from  the  projtortiou  of  earthy  mutter. 
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cokI  and  coke  M.  Peclct  conmders  tliat  the  radiation  must 
Ater  than  from  charcoal,  alUiough  he  has  not  ascertained  it 
fely. 

i  practical  conclueuon  to  he  drawn  fmm  thin  fact  is,  that  tlie 

jkm  Irom  the  fuel  in  the  furnace  of  a  heat  engine  ought  to  he 

illr  inteivppted  in  every  direction,  in  such  a  manner  that  the 

itifiiiBed  by  it  may  be  commnnicated  either  directly  or  indi- 

Ito  tie  substance  to  be  heated.     Tlie  means  used  for  effecting 

t»  variona    One  of  the  mnplest  is  to  have  the  furnace  wholly 

in  a  flue  or  fire  box  inside  the  boiler.     Another  Li,  t<i 

all  those  parts  of  the  fiinuK'o  whose  nulititiou   is  not 

intercepted  by  the  boiler,  with  brickwork  80  thick  as  not 

H  of  any  matorinl  loss  of  heat  by  couducliou.    Th(<  resistance 

irtion  ia  grt^tly  increased  by  having  two,  or  tliree,  (mccewuve 

ot  brickwork  with  air  Hpricos  between,  mich  siwiccs  being 

itely  closed,  in  onlcr  that  the  air  in  them  may  not  ciroiilat^. 

knch  layersof  fire-brick,  the  inner  9  inches  thick,  the  outer  4  J. 

pn  air  npace  H  inchc!)  thick  l>etweFn  them,  have  Iteun  fonnd 

)pmT  in  practice.     The  p%at  resistance  of  thia  coating  to  tlie 

nisinon  of  heat  causes  the  inner  wirftice  cf  the  inner  larer, 

i  directly  receives  the  radiation  of  the  tire,  to  rise  to  a  white 

or  nearly  so,  and  almost  the  whole  of  the  heat  which  it 

pa  ia,  becuue  of  that  high  temperature  and  the  rapid  circnla- 

^  the  fumaoe  gases  over  it,  carried  off  iiy  thoae  gaMfl,  and 

•Tailable  for  comuinnioLtion  to  the  boiler. 

beat  which  m  i-ailiated   down  between  the  grate  bars  in 

by  the  aideji  and  floor  of  the  ash  pit.  and  carried  back 

by  the  air  which  enters  through  the  ash  pit. 

ent  loss  by  radiation  and  conduction  through  the  furnace 

aimpl^st  plan  is  that  used  by  Mr.  WiUiamii  and  otlters,  of 

it  ft'  two  iay<mt  of  cast  irfm  plates,  ■«'ith  an  air  ni»aco 

The  plates  am  usmdly  jKirfonitcd  with  small  liulea  for 

ion  of  air  to  burn  the  gaaeoua  ingredients  of  fuel,  and 

to  be  taken  to  place  no  two  of  thoewj  holes  opposite  each 

Thus  the  hent  wliich  is  radiated  through  the  holes  in  tlie 

plate  is  intenrepted  by  the  outer  plate.     The  greater  part  of 

Ml  thus  received  by  the  plates  is  carried  back  into  the  ftimace 

^  entering  stream  of  air.     To  intercept  the  hent  and  give  it 

tlie  uut4;ring  air  more  completely,  a  soriefi  of  sheets  of  wire 

tT»  aotnetimea  been  interp)iie(!  between  the  outer  and  inner 

of  a  perforated  furnace  door. 

most  oompleia  apparatus  for  intercepting  the  heat  radiated 

Ainiaoe  door  is  tliat  of  Mr.  Prideaux,  which  consista  of  three 

each  made  of  a  seriea  of  thin  iron  plates  set  edgewaya,  with 

mmugt^  U-twaai  tbew  for  the  entering  stream  of  ui 
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gDvemmuit  bj  Mr  Johnson,  it  appears  that  in  ordioaiy 

faiamoat,  where  the  drought  U  produced  hy  lueaos  of  » 

f,  the  wrjght  of  air  rt:)quirt>tl  for  dilutiuD  is  fquol  to  that 

for  comba«tion ;  bo  tiiat  il'  A'  deJiotes  tlie  total  weight  of  j 

mipplied  to  the  fumaoe  per  th.  of  fticl, 

A'«  3  A  =  34  llw.  uiarly (2.) 

'  IB  furnaces  whore  the  draught  t8  prodiic&d  by  ntmns  of  a 
ipe,  likf  tliow!  of  locomotive  engines,  or  by  means  of  a  fiin, 
itity  of  air  requii-ed  for  cinutiiui,  although  it  has  not  yet 
exactly  aswilained,  ie  wn-tainly  murh  lorn  than  that  whidi  is 
mctl  iu  fumacca  with  chimney  dmnghta;  and  tluTL-  ia  riMuton 
[bwlieTe  tlmt  on  an  avcra^fo  it  muy  be  i.-3tiiuat<.'il  at  about  ono-ltalf 
[flie  air  rcquirL-d  for  combniitiou;  so  that  in  thin  case, 

A'  -  5  A  -  IS  Iba.  nearly (3.) 

estimate  is  ixitighly  inado,  but  it  in  thu  nL-Mro«t  afiproxioia- 

at  present  attaiuabU'.      It  it  probable  that  the  supply  of  air 

for  dilution  vuriiii  ooustdcrabty  itt  dilk-n-iit  arnuijjomaats 

?,  aud  for  <Iilit:rtut  kiixU  of  fuel ;  and  it  i»  pus&iblc,  that 

riog  the  air  for  combustion  iuto  a  funiact  iu  tuuaU  euou^i^h 

with  iiiiHicit-nt  force,  air  for  dilution  might  be  n^ntlered 

so  that  A'  would  bo  —  A. 

luHicifnt  mippty  of  air  cau8«»  impei'feot  (MuibustioD  of  tho 

which  in  bituminous  cool  is  indicated  by  tht;  pi'oductian  of 

»lcir,  and  in  coko  and  blind  coal  by  tho  d^faargo  of  carbouio 

gas  irum.  the  chimney.      Tliat  gas  ia  trauspareut  and  in- 

CUe;  but  its  preeeuce  may  be  detected  by  iliu  blue  or  purple 

with  which  it  bunifi  wluai  ignited  in  contact  wiUi  frc^h  air. 

exceMve  Mipply  of  air  cauwa  'waiitu  of  heat  to  the  amount 

tuding  to  the  weight  of  air  in  exeeba  of  that   whicli   is 

r,  and  to  the  olevatiou  of  the  temperature  at  which  it  )■ 

[ud  Irons  the  diiumoy  above  that  of  the  externul  air. 

SO.  Di*iriimii«H  9f  PubI  a«d  JUr. — In  buniiug  charcoal,  coke, 

coals  wliich  contain  u  uniull  proportion  only  of  hydrocarbons,  a 

iy  of  air  sulUcient  tor  complete  combiistion  will  enter  from 

laih  pit  tliruu^'h  the  bum  of  the  gralo,  |irovidcd  there  i»  a  suffi- 

dniuglit,  and  that  care  is  taken  to  distribute  the  frenh  fuel 

Jy  over  the  tire,  aud  iu  moiktratu  quautities  at  a  time,  so  that 

thickiifjw  of  iUf\  layer  of  bunting  fuel  slial)  never  differ  ninch 

Uax  or  twulve  inches. 

the  complete  combustinu  of  highly  bituminooa  coal. 
I  hare  to  he  sdoptGtl     Tliat  invented  by  Watt ' 
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I 
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oat  (VrBKB  HKAT  XXODnS, 


M  ts^  B  borbonta]  or  RligbUy  indined 
■■■ee,  vithoat  perfoistioiu,  on  whid 

I  Ud,  until  the  hjdrocwboiu  mn 

dmt  hMi  of  Uk  fire.     The  layer  of  bi 
ig  thia  at  the  time  when  a  ft«afa  tA» 
m  tilnmgh  it  frwu  the  ash  pit  than  is :., 
-^-1,  and  the  sorplts  aerves  to  barn, 
K  I  above  the  gnt&     When  the  cd^ 

mm  ndoced  Co  ooke,  it  is  pnahed  imrsirbi 
TW  raooeai  of  thia  pmoces  depends  wli 
[•(^•fc*  fawaaa.     It  is  ii.seful  not  only  to 
fc*  to  pterent  the  doggiuy  of  the 

a  dead  plate  is  tiaefii)  for  a  ,™« 
fml  giadoally;  becsmse  nuldf^  )i(«( 
which  «lrup  thiDogh  the  bars 


I 


«tfc«nbtt=  I 

lotiwfiw'J- 

which  tbo  <w* . 
niiantitr  d  '^  . 
From    »-»^'='' 


■with  ahcmatc  firing,  tntrodnced  ly  ] 
av  a^^id  frmn  the  fresh  futd  in  one  cf  a 
■li  fef  ^  cxm»  of  air  which  paesBB  thraorii 

■*  «   iHHiag   the  comnlete  combartirm  (rf 
4t  ^  «^    B  one  of   which   ran'ixii)  forna 
—  !ftt  C  W.  William*,  Mr.  Prideanx.  Mr.  ™ 
■«^»)B  WnilUng  air  aion  the  fuel  to  Inin  i 

*  ««Mto  ^  «(•  constant  rate  timnigh  psrfa 
nkW  frost,   f  n  the  latest  practio^  exL 
'  yWartooa  is  iV  of  the  are*  of  the  „  _ 
—  * — **d  per  how  on  the  sqaare  r«4( 
■f  tie  grate  in  wjnare  feet  is  A  i 
nwd  per  hour,  the  juint  area  off 

*yr>nifaiB  for  the  admifsiMi 

'^    I  opened  when  ftwk  co<J 

u  the  gas  of  the  frediL 

t «(  thii  t*  to  snpply  enough  ef  4 

1  to  pnrrent  aji  exenssive  mpf 

,  ^  aleain  jets,  blows  in  J€tt 

ntawfnel 

HMMs  to  hsTe  been  firafc  nwd  i 
w«h  uro  aets  of  nozzles, 
'  in  firontf  and  the  ot 

tibe  «Eh  pit,  and 
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nlr  liolcs  in  the  front  of  the  furnaces,  alternately,  so  tluit  the  oom- 
btistioD  of  the  gas  from  tiie  fi-esh  fuel,  and  of  the  coke  left  after  its 
CXpalnon,  take  place  alternately. 

j>r.  Mamh  supplies  the  whole  of  iho  air  for  baminf*  tho  coke  as 
well  OB  tlie  gas,  by  jeta  directe<l  downwards  on  tho  fiml  from  above. 

Incomplete  combustion  of  fuel  ia  otlcu  cauited  by  tho  chilling 
and  extinguishing  of  flame  through  contact  with  tlie  nnrface  of  the 
Imiler,  beture  tlio  combustion  is  completed.  This  is  in  some 
fumiicrea  prevented  by  completing  the  combustion  in  fire-brick 
cb&mbfTS  or  passages.  For  example,  in  the  furnaces  introduced 
by  Measn,  Charles  Tennant  &  Company,  the  combustion  id  com- 
pleted io  an  arched  brick  oven  or  i-^'verhenitorj*  furnace,  Iwfore  the 
hot  gas  comes  in  contact  with  any  part  of  Um  boiler.  The  ftidm 
and  roof  of  that  oven  consist  of  two  layers  of  lire-lirick  wiUi  a 
eloeed  air  npace  between,  oa  already  described  in  Article  2:28. 

In  miiiiy  furnaces  tho  principk-s  of  (he  various  contrivances 
be#'orempntion«l  are  combined;  thus  double  fiimaces  arc  used 
with  air  holes  in  Ur-  front,  and  with  fire-brick  combustion  cliam- 
bera.  The  co«l  burning  locomotive  fumaoea  of  various  invt^uton 
are  of  this  classi.  Various  furnaces  have  been  used,  such  aa 
Juckes'S;  in  which  the  fuel  is  supplied  at  an  uuiform  rate  by 
mechanism. 

In  tho  apparatus  known  by  the  name  of  tho  "  SyatSme  Beau- 
fiiin£,"  a  iiariial  combu!<tion  of  the  fuel  is  effected  in  a  fitmace 
nuTonndeJ  by  a  water  chamber,  and  8ui>pHed  by  a  fan  with  just 
enough  of  air  to  foim  carhonie  oxide  vrith  the  whole  of  the  free 
carbon,  nod  vulatilizo  the  wholo  of  tho  hydrocarbons,  »o  that  the 
whole  of  tlie  ftiel  in  gasefied  except  the  ash.  The  mixture  of  car- 
lionic  oxide  and  hydrocarbon  tfusvs  thus  produced  is  conducted  by 
a  pil*  to  a  combufition  chamlvr,  where,  by  the  introduction  of  jets 
of  air  of  snfficient  volume,  it  is  com])letely  burned. 

If  limokc  is  mixed  with  carbonic  acid  ^'as  at  a  red  heat,  the  solid 
rarbonaocoiLS  particles  are  dissolved  in  tho  gas,  and  carbonic  oxide 
tm  produced  Thia  is  the  modu  of  operation  of  contrirances  for 
~     .roying  smoke  by  keeping  it  at  a  liigh  temperatui-e,  without 

ividing  a  milficivnt  isupply  of  air;  and  the  result  is  a  waste, 
iniitt-'ftd  of  a  Ftftving  of  fiicL 

The  detiiils  of  the  construction  of  various  furnaces  will  be  further 
considered  in  a  sulwefjiifnt  chapter. 

2'Sl.  TcmpetsMn  •(  Fire- — Jly  the  tempertUuTt  ofthejirt  is  here 
nndemtood  tho  temperature  of  the  protlucts  of  combustion,  and  the 
air  with  which  they  are  mixed,  at  the  instant  that  the  combustion 
is  complete.  The  elevation  of  thnt  tem|>enitui'e  above  the  tempera- 
ture At  wliicU  the  air  and  fuel  are  Ruppliod  to  th(>  furnace  may  be 
cnraputed,  by  dividing  the  total  beat  of  combustion  of  one  ik  c^ 
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fiud  faf  the  vo^t  and  hy  tlw  ^Mofie  hMt  of  ttw  wbbfe  |vndl 

of  iU  cwhMttoo,  and  of  the  air  ci^iiajad  for  tlt^r  dUntaoo,  u 

ffiDitant  pnHBTB. 

The  aptdfie  heat,  imder  conataBk  pMaBon^ 

Of  oartMnic  add  gaa  u..^ <... .0*917 

Of  atcamf 0'47S 

Of  nitrogea  (prolmbljr), ^'45 

Of  air, - 0138 

OfaalKa,  probabljr  about „....o-3oo 

^j  using  tiieae  data,  the  fuUowing  rtstilta  are  obtained  iot  t 
two  extreme  caiea  of  pmn  earinn  aud  fU^ant  j/a*,  burned  ra|i 
tivelj  in  air  :*— 

Fnal, „ Ciaaov. 

Total  heat  of  oombukiitti  per  Ih.^ t^iSoo 

Weight  of  proditotai  of  combostioD  in  )  ,, 

air,  undiluted, » /  '3  »"»■ 

Their  mean  specific  heat, 0137 

£beoificboat  x  v«>gl>t, 3*08 

EsentuHi  of  tfimperaturc  if  undiluted^  -ISBo^ 


a  1,3" 
16-43  >^ 
0-357 


JfdUtiiad  tailh  air  —  ^  air/or  eombuttiof^^ 

Weight  per  lb.  (^fuel, 19  a^-a 

Mean  if[H.-diia  heat,, ^'33f  0*35 

Hjieciiic  heal  x  weight, «..». 4*^1  tix>6 

JyovBtiou  uf  tomjioraturu, 3'>S*  35*5' 

//diUUed  with  air  ^  air  fur  eomimaHAon — 

"Woight  |M.T  Ih,  of  fuel, ag  JfStf 

Moau  BiHfcitic  heat 0-338  0148 

Specific  heat  x  wi-ight,  ..„ „...  5-94  7-0 

EUuvatton  of  tc-uifwruture, 2440"  2710" 

It  apfieare  from  these  calculations  that  the  inuan  ipacifio  k._ 
the  pruilucU  of  combustion  of  fumoceg  dltliers  very  little  froo 
uf  uir  when  thej  are  undiluted,  and  btili  leas  when  they  an 
with  uir. 

233.  ■•«•  mX  CBMbMtin— Tbo  weight  of  fuel  which 
huruo<l  in  a  given  time  in  u  given  fumaoa  depends  on  the 
or  quantify  of  air,  which  is  utude  to  paM  through  that  ^ — 
givtrn  time,  and  may  be  computed  bv  dividing  the  w 

*  TlieM  adCDiAliana  at*  made  woocdiag  lo  llw  Mine  principU* 
Mr.  Vrideanx  in  hb  treaUM  on  F^aammi  ^  fM,  Smioa  VI,;  but 
fUHinniew  in  th«  data,  >«|vtj&1^  *-«  «p«HSo  boat  gf  stawn,  whidi 

{Uffonooai  (thoogh  nn  gttu  uor  rical  fmhIu. 
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»ir  bj  t}ie  proportion  -which  th/it  weight  besrs  to  the  weight  of  fuol 
which  it  can  completely  burn,  iifoonling  to  the  principles  of  Articlo 

The  rat«!  of  oomhufitioti  of  ooal  in  a  famaoe  is  nsnaJlT  etated  in 
poujuLt  jier  hmir,  Irttnuxt  trn  foch  9q\u»r«  fotA  of  grate.  The  follow- 
iag  uru  (.■xaioplcs : — 

I.  Wim  Chiii>'rt  Dkauoht. 

Lin.  per 
■qimra  tutA 
per  hour. 
1.  Tlif  slowest  mte  of  coniliusUon  in  Coniihh  IwUers,  4 

i.  Ordinary  rate  in  these  boilers, jo 

3.  OrdinHTj  tvAch  iu  factory  boilers, la  to  i6 

4.  Ordinaiy  mtes  in  marine  boilora, 16  to  34 

^.  Quicltciit  rat4.>a  of  coinpleto  combustion  of  dry  \ 

ooal,  till!  Bupply  of  air  coming  throagh  tbc  >     70  to  33 

grate  only, ) 

G.  Quickest  rates  of  complete  combustion  of  cak-  \ 

ing  coal,  with  air  holes  above  the  fuel  to  the  >     94  to  27 
extent  of  ,a  area  of  grate, ) 

IL  Wrm  DRAroHT  PaoDucra>  by  Blast  Pipe  or  Fak. 
7.  Locomotivva, 40  to  120 

333.  DraagiH  vf  Fwnmcm.  —  Tlio  draught  of  a  funkflce,  or 
<)tunttty  of  mixe<t  gAA  which  it  ditichargca  iu  a  given  timt>,  muj  be 
«rtimnt«'d  cither  by  weight  or  by  volume;  or  it  may  bo  cxpnMKxl, 
by  mrans  of  the  velocity  of  the  currpnt  at  some  partionlar  point; 
ur  by  the  pit-ssure  required  to  produce  thut  cunvut. 

When  either  the  whole  «"tr  jmrt  of  the  oxygen  in  a  given  weight 

of  air.  at  a  given  temperature,  combines  with  carbon  so  as  to  form 

mrbiinic  iicid,  Iho  volume  of  the  mixed  gaa  produced  is  th«  aamo 

with  the  original  volume  of  tho  air;  an<l  the  density  'vn  inoreAsed 

'y  in  t)ie  rutio  of  tho  uuni  of  tho  weights  of  the  air  and  of  the 

,r     111  to  iht!  wt.'iyht  of  the  air. 

Wlitn  the  whol«  m-  part  of  the  oxygen  of  a  given  w»-ight  of  air 
combines  with  hydrogc-u  sr>  as  to  form  titeaui,  the  ruhmie  of  the 
mixed  gas  produced  ia  greater  than  the  original  volume  of  tliu  air 
hy  an  amount  equal  to  oue-balf  of  the  volume  of  the  hydrogen 
taken  111)1 

But  the  hydrogen  iu  orduuu^  fuel  bean*  so  small  a  proportion  to 
the  whole  weight,  that  in  oelcalationa  for  practical  purposes,  the 
■"•lnme  at  any  given  temperature  of  the  gaa  wluch  a  fiimiice  di»- 
■  1 '  I  _'r»  may  be  treated  without  sensible  error  as  In-ing  equal  to  thi* 
vutiime  ut  the  same  temperature  of  the  air  trith  which  it  is  supjiliod. 


The  TvkiiaM  of  dari^  |t^r<Tf4  I7  drnfttMiui  of  Ihe  jnta 
^  tlw  fanMoe  ^a  In^  A*  aiSB  aMMapboric  prcaBure  m^i 
bs  neglected  ift  pcMike;  eettes  ili  «rfbae  «C  33^  >*aAr«nAe^  1 
be  i»tlauted  nnwini—lifj  eft  Uf  nibie  fiaet  for  eecb  IK  <A 
•nippUed  to  tbe  fiixMoe;  «r,  if  Aea^ffy  ofairbe 


13U&pcrIb.orfbd. 

18 
U 


The  Tohime  et  may  otber  tewpeimtare  T  k 

«r-3      ~     • '  r. 


Tbe  following  ue  sooie  of  the 

12  18  34 

VoIkb*  of  £«•■  pv  ftk  of  fuel  in  esbic 
1704 

>359 

1046 

88a 


1136 
906 

697 
588 

479 
369 

3M 
259 
905 

i7» 

161 

ISO 


7>8 
553 

47  » 


t4« 
aas 


Let  10  denote  the  weight  of  fiael  burned  in  e  given 
moand; 

V„  tie  volume  at  32*  of  tte  air  supplied  per  lb.  of  fuel; 
Tj,  the  abiolute  temi>frature  of  the  gas  discharged  by  the  chimn 
A,  tho  Boctional  arwi  <>f  the  chimney;  then  the  velocity  of 
currant  in  the  chimney  iu  feet  per  second  is 


«  = 


I0V,T 

Ar, 


.(2. 


and  the  density  of  thtit  ciim'nt,  in  Ibe.  to  the  cubic  foot>  is 
nearly 


I 


;  0-0807 +  ^j: 

rmy,  from  0-0a4  to  0-087  X  t„  ^  t 
denote  the  whole  length  of  the  cuimnoy,  and  of  the  flue 
to  it,  in  feet; 

"  hydraulic  mean  depth,"  that  is,  its  area  dlWded  by  ita 
er  (see  Article  99);  which,  for  a  aqnara  or  roond  flae  and 
ff  is  one  quarter  uf  the  diameter; 

o-«fficient  of  friction,  whoee  vahib  for  currents  of  gas  moring 
ity  gtu^aoes  ia  o»timated  by  Peclut  at  0-013; 
Isctor  of  retdstance  fur  the  imseage  cf  the  air  through  the 
ad  the  layer  of  fhel  above  it,  vhow  't'alue,  acconling  to  the 
iients  of  Fcclet  on  furniicv»  buniiug  from  20  to  24  Iba.  of 

Aqoare  foot  of  grate,  in  1 2. 
I,  according  to  a  formula  of  PeclL't,  coofiruiod  by  practical 
nre,  the  "  head  "  rec^uired  to  produce  the  draught  in  queKtion 

by  the  equation 


-fA^-^-^i)- (-) 


with  the  values  aesigDed  hy  Peclet  to  the  constants,  beccnnes 

-^(-+°^0 (-) 

^lears  that  in  using  this  fonouln,  a  cunicnl  or  pyraiuidal 
f  may,  without  senaiblo  error,  bo  treated  as  if  it  were 
|$ca]  or  prismatic,  with  an  tmiform  eectional  area  equal  to 
the  opening  at  the  top. 

same  formula  enables  the  velocity  u  to  be  computed  when 
id  A  is  given ;  and  then,  by  means  of  the  equation 


•0: 


u  At- 


V,'/' 


.(5.) 


0.\i  of  fuel  which  the  furnace  is  capable  of  completely  bum- 
'  hour  can  lie  computed. 

head  h  is  ex  prt-sscd  in  feet  in  lieiglu  of  ct  c(Aumn  of  the  fiot  gaa 
^rtmey.  It  may  be  converted  into  an  equivalent  pressure  in 
on  the  gqitan  foot,  by  multiplying  as  follows  by  the  density 
gu  as  given  by  equation  3 : — 


j>  =  AD=A 


(o-0807  +  ~); 


.(6.) 
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and  thid  again  may  be  converted  into  any  other  convoniftit  aniti^ 
presmre,   l)y  luultiplyiug  Uy  a  mutable  iiictor,  liUcU  as  thi.w« 
Article  107,  page  110. 

An  unit  of  head  very  commonly  em[Joyed  is  an  inch  of  icahr; 
stplion  wftt^ir  gatigea,  grafUiated  into  inches  and  dMiimala,  hntLf 
used  to  indicate  the  differvnoe  of  pressore  within  and  vitli«tii  i 

flue.     For  thin  unit  the  mnltiplier  is  — j—  =  0*192;  that  »  le 

IlmdiM%tKhe$ofiBat«r  =  0-\02'p  =  0\92k^  (oOd07  +  y-)-] 

The  head  iimy  ho  produced  in  three  ways — 
L  By  tlie  draught  of  a  cliimney. 
11.  By  a  blast  pipa 

m.  By  a  fiui  or  other  bloving  machine. 

L  The  head  produced  by  tho  draiight  of  a  chimney  is  eqtuT 
to  the  excetB  of  the  weight  of  a  vprtical  cohimn  of  cool  air  on! 
thu  cliitiiiii-y,  uud  uf  the  same  height,  above  that  of  a  vertical  colnaw  ' 
of  equal   htuie:,  of  the  hot    gan  within  thf>  chimney;    ami  what 
expressed  in/eel  offv>t  'jas,  it  is  found  by  computing  tho  wi*i<.'liti<( 
»  mliimn  of  the  cool  external  air  as  high  as  the  top  of  tit-- 
is  above  the  grate  and  one  foot  sqiuire  in  the  base,  dividiL' 
weight  of  a  cubic  foot  of  the  hot  gas  for  tho  lieigbt  of  an  v\u,\m 
column  of  hot  gas,  and  subtracting  the  former  height  frai 
latter. 

Thus,  let  H  denote  the  height  of  the  chimney,  andT^lbei 
temperature  of  the  external  air  (^  T,  +  4€r-3),  then 


H    -5  (0-0807) 


>(o^807  +  fj 


H  =  Ah^(o-9S^»-iY 


Eqimtion  9  acnres  to  calculate  the  lieigbt  <A  the  clnnuiey 
in  oitler  to  produce  a  given  draught 

For  a  given  external  tempefniture,  there  \n  n  certain  ten 
within  the  chiimtcy  wliidi  produces  the  moat  4*ffectiTe   _ 
that  ia,  the  maxinnim  iceiglu  of  hot  gas  discharged  per 
TJiat  tompemturu  ii*  fouud  us  follows: — 

The  velocity  of  tlio  gas  in  the  chimney  Is  pro|iortional  to, 
and  therefore  to  ^  (l>;96  Tj  -  Tj). 


i 
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r  density  of  chat  gu  in  proportional  to  — . 
to  weight  dischargcil  per  sccoud  is  iiroportiouiil  to  velocity  X 

laty,  and,  therefore,  to  "^ ^ ^ ;   whiob  expression  be- 

i  a  BMUtimtun  when 

"•=I?G=^''; W 

the  beat  chhnney-draugM  tak«a  plaee  icAot  the  ahwhUs 
qfthe  gtta  in  tAe  chimney  ia  to  wU  of  the  external  air  ae 
IS. 
lien  this  condition  is  fulfilled,  we  have  evidently 

A  =  H; (11.) 

i%   thA  head  for  the  heat  dusKney^raught,  epepreseed  in  hot 
,  «|  eqUfOl  to  the  height  of  the  chimney ;  and  it  is  also  obvioiu, 
iAe  dermttf  of  the  hot  gtu  vi  one-haif  of  that  of  the  exterTuU  tur. 
Sappose,  fur  example,  tbet  Uk  temperature  of  the  external  air 

[oeordinaiy  MsJe  is 50°  Fahr. 

its  absolute  temperature  i& gll'a 

I  abeoluto  temperatore  within  the  chimney,  to  give 

(he  best  draught,  ia aVi  x  5ii'3  =  1065^3 

ending  on  the  ordinai-y  scale  to £03-8 

a  Qttlc  below  the  temperature  of  melting  lead.     It  may  be 
I  down  as  a  practical  rule,  that  to  insure  the  beet  poaaible  droMght 
' .  a  given  thimn^f  the  temperature  (ff  ike  hot  go*  v^  theehimnsy 
'  he  ttearly,  b%U  not  quite,  mffident  to  mdt  lead. 
the  proper  allowance  of  air  for  a  chimnt^y -draught  ia  3-i  lbs. 
fttch  lb.  uf  ftiul,  the  volume,  at  that  tem{>Gnture,  of  the  hot  gan 
by  the  chimney,  is  aliout  650  cubic  feet  per  lb.  of  fuel, 
[2G  cubic  feet  per  lb.  of  the  hot  giia  itsel£ 
rhen  the  temperature  in  a  chimney  is  found  to  be  ahove  this 
it  is  to  be  reduced,  not  by  admitting  cold  air  to  dilute  the 
•  gaa,  but  by  employing  the  surplus  heat  for  tiome  useful  pur]iOM, 
'  1  as  beAting  or  ev^>orating  water. 

long  as  the  draught  in  a  cliiumcy  is  auf&cicut  to  burn  tiw 
aifflto  quantity  of  fuel  in  the  fiimaco,  the  temperature  in  the 
may  ofton  bo  reduced  with,  advantage  conaderahly  heloio 
;  oorTHi^Mmding  to  tlie  most  effective  draught,  provided  tiio  beat 
from  the  hot  gas  ia  usefully  employed;  but  it  is  never 
to  raise  the  temperature  in  the  chimney  above  tiiat 

fil.  The  head  produced  by  a  bloat  pipe  is  equivalent  to  tW 

u 
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flf  the  fttroopphoric  pTe«Bure  which  is  balanced  br  sk 
impact  of  the  jet  of  steam  against  tho  oolumn  of  gas  in  the  dili 
ItM  amount  and  effect  wiU  be  coDsideied  in  n  subsequent  dnpM 
III.  The  -vork  which  a  6ui  or  other  blowing  machine  xam/bf 
form  in  a  given  time  in  blowing  air  into  a  furnace  so  a«  to  pna 
a  giTeo  head,  is  fbimd  by  mnltiplyiDg  the  pressure  u]ui\'iilMit 
that  head,  in  pounds  on  tho  square  fool  {p,  vqualion  6),  mto  I 
iMmber  of  enbic  feet  of  air  blown  in,  tak«n  at  the  temitentot 
w^idi  it  quits  the  blowing  machine.  Let  r^  be  thai  t«m|«:iD 
on  ik»  absolute  scale  (being  equal  to,  or  higher  tluw  t,,  that  oft 
«Ktenial  air,  as  the  ease  may  be);  then  the  Ttet  or  luieful  vorit 
dha  bloviitf  T'™^'*^^  per  nonninil  is 


WV.T, 


^*  =  «V,.l;*(0O807  +  ^j.. 


.(I^ 


Dm  fm*  power  or  enngy  ivqairod  to  drive  a  blowing  Ua 
ylar  than  the  useful  wo^  in  a  fnoportion  whicfa  vaiici  m 
ni  diftnot  machinGa,  and  is  raj  unoertaia.  In  some  iM 
^Mfteent^  as  nearif  as  it  ooold  be  asoertained,  the  indici| 
pvw  enrted  bjr  two  steam,  engmes  diiring  fans  thnra^b 
trains  of  abaftinA  pulley  and  bdte,  ^ipeared  in  each  case  to 
■Iboirt  dMiU*  of  the  useful  eflect 

XS4.  AmOiiMc  Hmi  mf  r— »MMiM  KWrtMBr  me  9mmm 
1W  mambAte  hcnt  uf  combu^ition  <a'  one  ponnd  of  s  given  sort 
flnl,  aK  that  part  of  the  tutal  heat  of  combustion  wliich  is  v* 
MUBMated  to  the  body  to  heat  which  the  fbd  if  bnmed;  I 
T-"°r^  to  the  water  in  a  steam  builcr;  sod  iJic  t^ifncy  of 
|i«ni  fomacc,  for  a  giren  sort  of  fbel,  is  the  proportion  which  t 
anulatJc  hmt  bears  to  the  total  heat^  when  the  givca  aortof  M 
lanM  in  the  given  fnmaoe. 

TVe  w\.>nl  "  fnniace "  Li  here  to  be  understood  to  oompcekl 
Mrt  mrft-ly  the  chamber  in  which  tho  combustiou  takes  |dBOe^  k 
ate  wkd^  arpantw  for  burning  the  fuel  and  tnnsfenii^  hot 
lIlsK^  to  K*  heated,  inclndiug  ash  pit.  air  holes,  flame  dau^ 
gmK^  tatvs,  and  healing  snrfiMe  of  ereiy  kind,  and  dkunney. 

t1h»  aaaw  kind  of  ftunaoe  nay  be  more  efficient  for  one  ml 
1^  |jh«  ft*"  aaotbar;  and  at  may  also  bo  more  or  less  effidoit  i 
^  mke  wrt  of  Ah4,  according  to  the  way  in  which  the  combwtii 

^  mnih\M  beat  &Us  abori  of  the  total  beat  from  senr 
'>lriykli  ^  prinopal  an  the  fi^tllowing : — 
iff  rnkwwl  iW  M  Uf  Stud  d'iai£— This  gensid 
r MtWaiMB  of  the  fbel^  eoattfained  with  want  of  ec 
'^'^  0^^ .  t' V  *"  hioh  cauars  the  AmI  ia  Buuie  to  &U  inio  hbI 
^^  ^^  VM-Ai V  b«CnM  tka  puta  ban  into  the  adb  pit . 
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■y  of  tho  moit  valuable  kinds  of  coal,  mich  na  the  dry  staun 

brittle.     The  waste  of  anch  couin  iu  the  dolid  state  is  to 

lied  l^  the  following;  mcana: — (I.)  They  are  to  he  thrown 

and  utiifoniily  over  tUt.^  fire  with  thu  aliuvul,  no  thut  then 

b«  no  occasion  to  disturb  them  after  they  are  tirrt  tJii-owTi  in. 

I  Tha  fire  is  not  to  be  stirred  i'rom  abovo ;  and  tho  grate  bars 

to  be  clmred  whon  requirwi,  by  a  h«wtk  or  filintt  from  Iwlow. 

I   Th*»   aslies  are  to  be   riddled   from  time  to  tame,  aud  tUo 

coal  or  cinders  contained  anoDgst  them  thrown  upon  tha 


is  imixwtiblc  to  cstUcat*  the  greatest  amount  of  this  kind 

which  may  ariM  from  cureless  firing  ;  hot  the  amount  which 

iSDBToidable  with  good  firing  hiut  in  some  casea  been  ascertained 

e3q>friment,  and  found  to  range  from  nothing,  up  to  about  2^ 

ocnt. 

[  IL  The  Wn^a  of  Unbttrnt  Fud  in  th«  Qanout  and  Smohij  States, 

the  meuna  of  preventing  that  waflte,  by  a  stiflicient  supjily  and 

distribution  of  air,  have  been  stated  in  the  preceding 

'The  gwntest  probable  amount  of  that  waste,  when  the  absence  of 

provision  for  intmdu.cing  air  to  bum  the  inflammable  gases  is 

nbiued  with  bml  firing,  may  be  estimated  by  taking  the  propw- 

in  which  tlie  total  heat  of  eombastlon  of  the  coke  or  fixed 

contained  iu  one  pound  of  the  coal  La  le^  than  the  total 

of  combustion  of  all  the  constituents  of  one  pound  of  tlio 


1 

Bh^ 


I 


I 


[When  the  firing  is  conducted  with  care,  but  the  supply  of  air 

"icient,  the  wtutte  may  be  estimated  by  treating  the  hydrogen 

ectivo;  that  iti,  by  taking  the  pro[H)rtiou  in  wliidi  the  heat 

>  the  vihoU  of  the  carbon  in  tlie  coul  ia  leas  than  the  heat  due 

carhon  and  to  the  hydrc^n  in  excrats  of  that  required  to 

with  the  o^Q'gen  in  the  coal.     This  methoil  of  cateiiln- 

eeds  on  the  mipposttion,  that  the  whole  of  tlie  hydrocarbons 

imposed  into  carbon  and  hydrogen  by  the  heat,  that  tho 

is  completely  bnmt,  and  that  the  hydrogen  escapes  nnhnmt 

■  supposition  appean  to  represent  with  an  apprtutch  to  neeuracy 

state  of  things  in  good  ordinaiy  steam  boiler  furnaces  which 

live  no  iii>(-*ciul  pruvjalon  for  distributing  air  amongst  the  inflam- 

ij  fertile  result  of  experience  with  such  furnaces  is,  that 

utive  values  of  coals  conmimed  in  them  are  nearly  propor- 

to  the  (piantities  of  carbon  contained  in  those  coaLs. 

It  npj-^irs,  then,  that  there  are  tico  dtgrtta  of  waste  fmm  imper* 

sticrn  of  the  gas  and  smoke  fi-om  one  pound  of  hitnminona 

li.  UH  reduced  to  eguicalejU  uxighta  of  carbon, 

'  as  follows ; — 


anui  AX0  onxB  azftT  bmccbs. 


(L)  !■!  i«  iiiir  air,  hrt  good  fiiu^  iks  mr-  | 
plwkfdn«avHi«|, „ „ 

(].)  Ten  iM^kwftt  atr,  atti  httd  finv;  «U 
ifahj^iLMbuM— ted.  Ifdwl^dnsm 
iiad  wcbaa  m  thM»  ace  <ioiahiBwl  in  tiie 
nae  Bn|nttiaa  m  m  mank  gu  (B,C); 
shsk  far  0wwy  Ik.  cf  bydxpmi  WMtod,  Z 
Vim.  of  arinn  ve  vaatod  abo;  gmng  •• 
Ifce  total  mto  ndwad  to  CKteo, 

If  the  li^^wgni  aaJ  OKboa  an  ccitittwJ  in 
the  Mae   papwtkm  aa  in   olflfiaat  p« 
(H,  Gt),  tten  far  eray  Ih.  of  hTdnseo  !•   io-a8 
-wmitetC  S  Iba^  of  ovboo  aire  vaated  auo; 
ginagaa  Uh»  total  waste  ndoaad  to  oatiaB, 

and  far  MtBCTWgiattB  preportiDOi^  iPlBrmBwato 

■!■■■■  klJT  ■■    A^M.  ^^   li  ■   I 

yMOBOea  agp  waatw. 

tijr  direct  Tadiatioa  Cram  baniagoonlthnNuhaaofieiitiredoori 
be  anitTHTimatflly  aatiantad  Miuun£u  to  toe  ptiucipleH  of  Jjj 
33^  by  nT-y"''-g.  in  tfce  fint  pboa^  tae  Iwat  direoUy  nuiuted  j 
Che  fad  to  ba  one  hnlf  of  Uie  totol  ka*  of  combaaUon ; 
Ceiviog  tb*  eaiface  of  the  burning  maa>  to  be  divided  into 
small  equal  parta,  frran  each  of  which  aa  equal  share  of  Ihel 
radiates;  then,  finding  what  faction  of  the  sar£u»of  asphen' 
scribed  about  one  of  t^iae  {aiia  is  iubteaded  by  the  opening  i ' 
which  the  radiation  takes  place,  and  multiplying  the  share  of  1 
ndiated  from  tbo  [^rt  of  the  fuel  in  question  by  that 
and,  lastly,  tuldiug  toj^utlur  thu  |>ruductA  so  found  for  the 
parts  of  the  burning  fuel.     The  loea  by  oonduction  through 
Milid  boundaries  of  the  furnace  might  be  estimated  from  their  i 
their  nmtarial,  their  thickueM,  their  themud  n^sistanoe,  and ' 
diflervuce  of  tho  tcmixinituivji  within  and  without  the  fu 
tlie  priiicdplea  c^  Article  219. 

In  well  pUnned  and  well  constmcted  fiimaoes,  however,' 
losKB  of  heat  should  be  practically  inappretnsMe;  and  the 
nature  of  the  means  of  making  them  so  has  been  stattxl  in 
22a 

IV.   WasU  or  Loea  of  IlteU  in  the  Hot  Gaa  lekich  Steajm  hjfi 
Chiunney. — ^Couudering  that  the  tcmpenituro  of  the  fire,  in  a  I 
naoe  with  a  draught  {troduced  by  a  chimney,  and  supplied  with  i 
lU.  of  air  i>tT  lb.  of  fim'   "     '  -^ut  3400"'  Fidir.  above  the  tcmi 
tUT9  of  the  external  r  iJbA  t«m^en,turQ  of  the  hot  pi  i 


EFPKSKKCT   OF    FTRITACE. 

[i#  cfiinin^y,  in  order  to  prtKlucp  tho  best  pasdihle  rlranght,  ehoultl 
be  about  (100"  above  the  ti;m|x;niture  of  the  uxt«rmal  air,  it  appoai-s, 
tJiat  undor  do  cin^umntanceA  can  it  be  neoeseaiy  to  expend  moro 
than  Qtie-finArih  nf  the  totnl  heat  of  combngtion  for  the  pnrpom  of 
Iirodnciiig  a  dran<^ht  i>y  means  of  a  chimney.  By  muluDg  the 
chimnej  of  Urge  enough  dimenniona  as  coni])ared  with  the  grate,  a 
ranch  less  expenditure  of  ht'at  than  this  may  be  mndo  to  produce  a 
draught  Bofficient  for  the  rat*"  of  combnstion  in  the  furnace. 

When  the  draught  \»  produced  by  means  of  a  blast  ])i|)e,  or  of  a 
blowing  machine,  no  elevation  of  temperature  above  tliat  of  the 
extvrual  air  is  vMcaaary  in  the  chimney ;  therefore,  furnaces  in 
which  the  flraught  is  no  produced  arc  capnble  of  greater  economy 
than  those  in  whirh  tlie  draught  is  produced  by  means  of  a  cbimner. 

It  appears  further,  as  has  already  been  stated,  that  with  a  forcnd 
draught  there  ia  less  air  required  for  dilution,  consequently  a  higher 
temperature  of  the  fire,  couaequentty  a  more  rapid  conduction  of 
beat  through  the  heating  nurfaoe,  consequently  a  better  economy  of 
bent  than  there  is  with  a  chimney •diaught. 

Tlift  prowrtion  of  the  whole  heat  which  is  lost  with  the  gas 
discharged  by  the  diinmey  doponda  mainly  on  the  efficiency  <^th» 
intf  swftux,  which  has  already  been  oonsidcred  in  Article  231. 
teferring  to  equation  13,  in  case  2  of  that  Article,  let  E  denote 

.  theoretical  eva|Kjnitive  power,  and  Ef  the  available 'cvaiKra live 
,  of  one  lb.  of  a  giren  mrt  of  fuel,  in  a  boiler  fiimace  in  wbich 
of  heating  surface  is  S.     Then 


I 


E' 


=  B 


-f 


S 


.(1.) 


H 


B  is  a  fractional  mnltiplier.  to  allow  for  miscellaneous  Iwws 
t,  whose  value  is  to  be  found  Viy  experiment 

d*  W  is  proportional  nearly  to  F*  VJ,  where  P  is  the 
abet  of  Ibe.  of  fuel  burnt  in  the  furnace  in  a  given  time,  and 
as  in  a  former  Article,  the  volume  at  33°  of  the  air  supplied 
I  per  lb.  of  fuel     Also,  H  «  F  x  a  conntant. 

Henoe  it  may  be  expected,  that  the  ofEcioncy  of  a  furunco  will 
'i  be  expnttsed  to  an  approximate  degree  of  accuracy,  by  the  follow- 
1^;  formula : — 
H  E        B8 

ll^luci 

rVMin  n 


S~8  +  A»^' ^^'^ 

rliich  A  is  a  constant,  which  is  to  be  found  emplrloallyr  and  is 


k 


fbrmula,  sod  noit  of  llw  ex«mplea  which  fnttoir  It,  wen  8rrt  pat 
piper  rrad  (o  th«  lR«tlitlic>a  of  Cfl^occn  in  SouiIjukI,  ou  ibe  SOth  <J  Af  ' 


snuui  *n 

^mttui]T\ii  per  Vb,«itmL 

8  am-  U  tak»  I*  m^—i  tk*  ■nJbcr  ■€  ^^^  W] 
ytWinahwrf  lfa.rffiwl  bmiMr 

Tbe  foOoviig  B«  ttvnlica  of  tke  — "*"^  B  «m1  A 
bave  been  finMl  to  agn*  tiaat  vith  expeiiaart;,  ao  br  a 
partkri  prrfcronrf  of  boSns  'hm  hithartohaeg  oomfHnd 

Boila'  Cb*  L  The  ooaTectian  t^ing  pKm  ib  t^ 
bert  nMnner  (ie«  Article  SdOX  either  by  tntmdao- 
■00  the  mter  at  Ui*  ootdeifc  i»rt  of  the  boiler,  and 
inTV"T  it  tnvcl  gndnaQjr  to  the  hottok  (aa  in 
Lofd  DnndoDald'i  boiler),  or  by  fc**^it^g  the  fibed- 
-wmter  in  a  aetaf  tobea  in  the  apuko;  the  dimi^t     b       k\ 

midttoed  byachinuM^, i       01 

itler  Clan  IL  Ordinar7  conrecdon,  and  chimnej' 

diBii;{bts 44      o^ 

Boaier  CUa  UL  Best  ooovectkui,  and  furccd  dmngbt,     i      03 
£ailer  Claai  IV.   Ordinaiy  conrectioD,  &ud  forced 

druight, - U     03 

LWheri  there  is  a  feed-vater  heater,  ita  soi&oe  shoiild  be  mdadd 
tn  oompatiDg  8 ;  and  the  Bur&oe  of  tuben  surrounded  by  water  » 
to  Iw  uiuutuml  outadck 
The  fonoula  is  of  course  not  intended  to  superBede  cxperimeoti 
0d  pnutieal  trial*,  nor  to  give  reenlta  as  srconttc  and  Eotufaotoif 
ttffich  pxprntneirte  and  ^ials,  but  to  ftimiah  a  convenient  meaM 
of  owtimatiiit;  approximutcly  the  evaporative  power  of  fuel  lu  pn>- 
^m  pOMil  boiltini,  and  the  comparative  efficiency  ot'difier«int  twilen. 
^1  The  fomiulii  IB  fmiuiMl  ou  tbu  suppoiutioQ  that  the  odiniasion  of  lir 
^Lgfd  thu  muuiif(4'n)ciit  of  the  fire  are  such,  that  no  appreciaUe  la* 
^HjPBorM,  vitlier  Imm  iiii|>vrfL-ct  couibtuttion  or  from  excepts  of  air,  tha 
ii^(»ii»lnictiiifi  and  proportions  of  the  fnmacc.  and  the  mode  of  taiag 
it,  U-iiif*  tbo  beat  poRBihlo  for  cucli  kind  of  coal 

If  dcaired,  tlio  pffect  of  impertV-ct  combustion  and  had  firing  mnv 
bo  rtiliiuAt^'il  in  thn  mnnner  dinicribed  in  Division  UX.  of  Diii> 
ArUcU'.  i»ii<l  tliMt  of  nn  cxei'ss  of  uir  by  increasing  A  in  proportioB 
to  the  Pipi'^rt'  of  tlio  quniitity  of  air  supplied. 

Tlic  following  uni  uxaiDplcti  of  efitcivncy  colculatcd  by  mean  of 
ilm  f..riiiul'»;— 


smcucKCT  or  tvbsxce. 
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m 

F 

w 

F 

a 

Ftar  ebni  of  boHcr 

T 

1. 

n. 

IIL 

XT. 

vt 

0'I(^ 

015 

0-35 

o'3a 

oas 

0-33 

o-3> 

o'45 

0'43 

.0-5 

050 

0*46 

0-63 

0-59 

B«75 

0*60 

055 

071 

0-68 

fO 

0-66 

0-6 1 

077 

0-73 

_««6 

071 

0-65 

081 

077 

Ki-S 

0-7S 

0-69 

0-83 

079 

K-o 

080 

073 

0-87 

0-83 

K'5 

083 

076 

089 

0-83 

»*» 

086 

0*79 

0-91 

0-86 

"<T) 

0*93 

084 

°9S 

090 

9-0 

o'9S 

0-87 

097 

0-92 

le  following 

are  pai-ticular  cases : 

— 

K«rtli  oonr 

itry  coiil — 

E^ 

=  15-5;  8  = 

1075 
00   — 

.48; 

¥  =  25; 

ir  with  feeU-waUir  hmter,  and  chunncjr-draagbt;  or  Ckas  1 — 

B=  15-5  X  0-8  =12-4. 

This  ajmen  dcMely  with  the  rcinilbt  nf  the  exprnnients  at  New- 
le  tm  rreab  cool,  both  by  thu  NewtsuiUe  comtuittea,  aad  by  the 
)1^  reportera. 
11.  Same  coal,  mme  boiler  without  heate^^ 


S  =  ^  =  3«;F, 


27. 


Claain.— 


Er=15-5  xO-66=10'S3. 

^Tbia  nearly  igreei  with  an  experiment  mado  by  the  Admiral^ 
:ni  ut  Newcastle,  in  which  the  nwult  was  10 '51. 
Same  coal — 

8  =  25;  F  =  25;  do  heater. 

ClaasIL— 

»=  15-5  X  0-61  =9-5. 


TV.  U 


U»l 


ijoiie. 


t  ^te  a , — 

n»  «^  »,  M,  il,  <|t>— 

li  iif  MfMirinMniU, fl-Tl 

DltTiiruuMi, 0S3 

Tl  tMMniiUvu  tiuU»r,  CHju*  [V.  (mma  aT  Mr.  D. 
' ■•,  NtiB.  IB.  4U,  rt»,  til,  M>— 


K^My  111;  H 


ilfl-4;  F-W-J; 
10-78  fitnnSir; 


hMpaolt  of  pjEj^rrimonU, ft-7ff 

DUIbreDoo, 018 

riL  LBOofflotivo  \ni\W,  Cium  IV.  (Mr.  D.  K.  Ckrk's  exi 
Mil,  Ka  W;  Bwwi  of  IP  tri|»)—  ' 


E  a  My  14- 
E'=U-I  / 


S6  £h)m  213°. 


EFnciBSCT   or   FVBXACK. 
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it  evaporation  from  62*  &t  329°^ 
10-86 


1-3 


ascperimenbi, , 


=  9-05 
.9-00 


Difference 0-05 

Locomotive  boiler,  Class  IV,  (Mr.  D.  K.  Clark's  experi- 
lo.  61,  mean  of  8  trips) — 

E  =  say  U-1;  8  =  60;  F  =  87j 

£*=  14-1  X  -66  =  9-3  from  212' ; 

it  evaporation  from  62°  at  329**, 

X::2  =  7-75 
experimeut, 7*2 


Diffcrenoe, 0-55 

nly  principle  followed  in  selucting  experimeutB  from  Mr. 
-table  is  that  of  giving  thp  prcferctiee  to  those,  cases  in  which 
can  be  obtained  from  the  rt-aulta  of  a  large  number  of 
its  under  similar  or  nearly  aimilur  circumstance*. 
,eral  conclnaion  to  be  drawn  from  the  (HeocfUng  compari- 
thatthr-fomuilangreescloBfly  with  tilt'  nwultaof  oxf»orimuiit 
&  nte  of  coiutumntion  of  about  GO  Iba  per  Bqtinre  foot  of 
imud  tLat  above  that  rate  of  consumption,  although  there  in 
approximatt!  agrt^ment,  the  resalte  of  exficriment  fall 
t  Buurt  of  those  given  by  the  formola.  It  is  probable, 
',  that  for  those  high  rates  of  coDSumptton,  Ute  combustion 
K>  complete  as  at  lower  rates,  and  that  some  heat  is  coum- 
'-wasted 
mpU  IX.— BoUer  Class  II— 

E  =  ftboutl6A;  8  =  60,  nearly;  F=:6-4; 

17  =  154  ><  •87=1348 

of  experiment, 13-^6 

Difference, 0-08 

ftbore  IB  the  rexulc  of  an  ex|icrimeat  of  Lhe  A.uI\iqt 


CI&UI   AXD  OTOEB   HEAT   EStOtXtm. 


I 


Jhample  X. — The  1!ari  of  I>ilDdoiuJ<ra  boiler.     THu  bailer  b i 
bdaaging  to  CIku  L,  Iwcaaae  of  ihe  fccd<wftter  hang  tntnMlaoed  at ' 
when)  tbe  gu  from  tiw  fonuc*  u  ooolMt — 

£  ^  about  IB?  (for  butd-picked  UaDKennech  coal}; 
8  =  33-.1;  P  =  10  17:  K  a  16  K  0-87  =  13-92 
Heac  mnilt  of  two  exneritncnt*  with  tba  bed-water  at)  %m,qi% 

Off,  1214  X  facUirufevsiiontinD  117, - J 

PifforeDoe, „ 0^ 


AuDENDim  TO  AjmcLB  2^4,  page  324,  and  Article  317,  page  4£j 

ChMS*w  wf  Kttm^. — Letpi  bt  ibn  abMlaU  praasura  insido  ■  tcbbH,  nd 
boUar,  and  f>s  tlM  abtoluie  ptcoor*  ouuids.     iM  U  daoot*  tbawork  dOMbj-u  ' 
«l  weight  of  Maun,  If  adinlUDd  iato  a  cjUndn  at  tha  pwtmurnfi,  azpudol  till  tb«~ 
pnwim  bib  to  p^,  and  axprllod  at  tba  laUsr  praamrcL     TImb  tba  vdodlj 
wUdi  t)]«  (tCBtn  will  caeape  (h»D  an  oatloi  In  tha  tmmI  will  be  ^vaa  by  Ota  i  ' 
iu^  formula,  in  wbkfa  y  danotaa  gn/titf : — 

T  =  V  (a  y  D). ™ 

Lrt  «  ba  the  votume  occnpM  bj  nniljr  of  wdght  of  the  wteiun  at  (bo  tnaUat  ' 
In  expanaioa  b  oonpk-te )  Ibrti  lh«  •rvinht  of  stnun  which  eacapoi  per  Ncood  i 
aacli  udt  of  eObollveana  of  outlet  fa  cxpreated  u  faUowa : — 

▼  -5-.-l/(SjO)  +  «. -OL>j 

Tba  fonowlng  an  tbo  ralat  to  be  iu«d  for  findiog  U  and  a  ia  dUTeraoC  oaaea  :- 
Caib  !•    For    tbe  eKapa   tbroujflt   a  iii(jti-<xuMlucting  nattk;    m,  Artide 

•qutloo  (8).  pas«  881 ;  or  acfualiou  (i>),  pagt  m ;  U,  Article  26«,  eqnatloo  (1 

(I  a),  p«fl«  «87. 
Case  IL  For  tha  ncapa  thnogh  a  noule  which  crnnmiiDicata  to  tha  Btean  [ 

bMteiMNigbto|inventUquaCutiofl;  «(=  r,),  Ankle  287,  eqaado(i(l  i.^  (M«a  11 

ar  Uw  labia  baaded  "Steam  by  tin  Found,"  pagca  !»6<  to  &67 ;  U  (a    f^^ 

ArUda  S87,  cqtiatioa  (S),  paga  89S ;  or  the  bcfora-mantiooad  table ;  oribe  < 
at  llw  end  of  tbe  volume ;  «  tht  following  approalmala  fomnla : — 

.  =  r«-r,(Jl)";U.p.r.l7   jl-fg)^|;.._ (..) 

For  axaoiiilw  «f  the  um  uI  thvae  formnls,  see  letttn  by  Ur.  Tbomaf  BaUwIo, 
Ai  EMttVtaer  for  Angv>t  and  Septamber,  1  t!>fi9. 
TteappW  ibe  fomitiiK  (3)  to  &  nun-cunduutinf;  noule,  for  16  pat  9,  and  for  IT  pat  111 
ft^  ill.  Fur  vteam-gaa,  llie  formulio  of  Aitkla  2M,  page  tiA. 
Xki  tlMf"  B'*"  '^  '"^''^^  ^  ^  fMtloDal  aiea  of  tba  cBcai>f»f;  Jet  at  tha  ^ 
j^^  tbi  abadola  pnnuni  u  /r,.     Tb«  ratio  bonie  by  that  am  to  tbe  actual  ana  tt* 
^te  bL  to  *  F***^  extent,  tmciTlala,     For  conoldol  coovtrgiag  tioxzlaa,  and  with  ft 
^^gpgMg  S(  pv>  ^  effeciLre  area  may  b«  takta  na  etiual  to  tbe  actual  area  M 
^^^^a(  tbe  Da».1e.     Z«una-  (in  m  paper  publiabed  In  tbe  Cfaittijii'iiB',  '"^ 
T^^^tn  that  for  great  difri-fcncn  cf  pnaaore,  tba  tfiktha  aim  h  { 
^^  ^  tbe  ftClW  ^t**)  tof^  l^*'  opInioD  b  confinncd  by  tbe  experimont* 
^^  ^  Slffar,  ai  10  wbiob,  see  tbe  En^i»eer  for  1967  and'l869. 
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CHAITER  III 

PBDTCIPLES    OP  TnERHOOrNAJaCBL 

S&CTiox  1. — Of  the  Tvco  Lawa  of  Thcrvtodynamict. 

TWra*diMMMtir«  DeiiMrd.  —  It  18  A   mattor  of  Ordinary 

ttiou,  that  bimt,  by  tx]>an(Ung  bodies,  iii  a  source  of  m&- 

licRl  onei^-;   and  ouuvon^.'ly,  tbat  mechauical  coorgy,  bdag 

either  in  coinprramng  l>ndiea,  or  iu  friction,  in  a  flotirce  of 

Such  iihviioiiK-nn  have  airwuly  hoen  iucidtutiilly  rt-Jfcn^^  to, 

Hrlo  13,  undf^r  the  head  of  Friction;  in  Articlo  19i'>,  where 

rt'l^ttii'iis  between  heat  and  mt-chaiiical  energy  are  mentioned; 

,  Article  196.  under  the  head  of  the  Properties  of  the  Condition 

[Halt,  nnmbcred  IV.,  V.,  and  VI. ;  and  in  Articles  311  to  216, 

the  head  of  Intent  Heat,  which  dusHppeai-s  in  producing 

tiud  changes,  and  can  bo  reproduced  by  i*evcraing  those 

_^  I  redactirm  of  the  laws  according  to  which  auch  pheoonicna 
rplac«>  to  a  physimi  theorj",  or  connecUrd  aysttm  of  principles,  j 
*  '         -vrbat  is  called  the  aciRNce  OF  THERifODTNA.uios.  ' 

rN    tmw   «r  ThuiiwJynwilcm  —  Heal   and  meeftaniaU 
'  are  muitudlt/  concmiUiU;  awl  h^ai  reqiaren  for  its  production^ 
'  yrvdvc<B  by  its  disafipeanmet,  mecfuinical  energy  in  fhe  propor- 
of  112  foot-poHiuU  for  each  SrHiith  ttttit  of  heat :  the  said  unit 
the  amount  of  bfiit  required  to  raiao  tlio  temperature  of  one 
of  liquid   water  by  one  di-^reo  of  Fxiirvnlieit,  near  the 
Bperatiire  of  the  maximum  denitity  of  water.     This  law  may  bo 
sred  as  a  particular  case  of  tho  application  of  two  more 
laws,  vii  : — 1.  All  fonoA  of  energy  are  conTertibU\    2.  The 
energy  of  any  subtttance  or  system  cannot  be  alterud  by  tho 
ntaal  aciionit  of  its  parts. 

Tbfl  qnantity  above  stated,  772  foot-pounds  for  each  Biitiafa 
unit,  is  commonly  called  "  Jmtleg  equivalent"  and  ddnoted 
symbol  J,  in  honour  of  Mr.  Joule,  who  was  the  firxt  to 
le  ite  value  exactly.  Ilia  first  approximate  determination 
f  qoontity  waa  published  in  IS43,  a  little  after  that  of  Mayer; 
set  of  exjwrimcnts,  from  which  the  accepted  \'alue  773  is 
may  be  consulted  in  the  I^hilos<^ieal  Tranaaetiona  toe 
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ST14K  AKD  OniEB  HEAT  ZSOtVlS. 


In  these  experiments,  the  heat  produced  by  mutual  frictioD 
the  pftiticIeB  of  a  liquid  was  compared  with  the  mechanical  eoi 
expended  In  producuig  that  friction.  The  advantage  of  this  kiai 
of  experiment  is,  that  the  liqnid,  and  all  the  parts  of  the  appantuq 
are  left  uxaclly  in  the  same  oondiliou  at  the  end  of  the  experinunl 
'  aa  they  were  at  the  begiomng;  so  that  it  is  certain,  that  do  po> 
[manent  effect  whatsoever  haa  been  prodaoed  by  the  mechamou 
energy  expended,  except  a  certain  qnnntity  of  heat,  which  i^ 
accurately  muunired;  and,  therefore,  that  tlie  beat  bo  produced  ii 
the  exact  equivalent  of  the  mechanical  enei^gy  expended. 

In  all  other  cases  in  which  heat  is  produced  by  the  expenditnrf 
of  mechanical  energy,  or  mechanical  energy  l^  the  pxpenrUtnre  of 
heat,  some  other  cliunge  is  produced  beaides  that  which  ia  priDci- 
pally  conttidercd ;  and  thiH  prerentd  the  heat  and  the  mechaniat 
ciK-rgj"  from  boiog  exactly  cqui\'ulcDt 

The  following  are  the  valnes  of  Joule' -i  equivalent  for  diflerenl 
thcrmomctric  scales,  and  in  French  and  British  unitB: — 

J. 

One  British  thermal  unit,  or  degree  of  1  -.  .^^ 

FHliix-nheit  in  a  lb.  of  watw, [    ""*  looi-lDfc 


One  Centigrade  d^ree  in  a  lb.  of  water,  1389"6 
(or  voty  ncariy  1390). 

One  French  thermal  unit,  or  Centi-^ 
grade  d^ree  in  a  kilogramme  of  J- 
water, J 


423-55 


The  prodnctinn  of  heat  by  friction  is  distinguished  from 
dnotion  1^  other  mechanical  means,  such  as  the  comproi. 
cases,  in  being  irrwm-gible;  that  is  to  asy,  it  is  impossible  to 
heat  produce  mechanical  energy  by  any  such  meana  aa  revarMf 
process  tff/rictit/ti. 

237.    DrwiMtcal  exprvMlen  »r  QMiHlllin  of  Hcttt, — All  qoailtiti 

of  heat,  such  as  the  specijtc  heat  of  any  snbstance,  or  the  I 
oorresponding  to  any  physical  effect,  or  any  other  of  the  q' 
of  heat  treated  of  in  Chapters  L  and  1 1.,  may  be  expreaaed  di 
caiti/,  that  is,  in  unita  of  work,  by  muliiplyiug  their  valtM  i 
ordinary  units  of  heat  by  Joule's  equivalent,  Beverol  examplitl 
this  mode  i>f  uxprcstiug  (|uantitie.8  of  heat,  which  is  by  lar  1 
most  convenient  in  treating  of  theimodynamicnl  questions^  I 
given  in  the  tables  at  the  end  of  this  volume.  The  fc^owing  i 
additional  examples  :— 

Fool-IU 

Lnteut  heat  of  evaporation  of  1  lb,  of  water,  from  )  o.. 

and  at  212=, /      7^6.8" 

Total  heat  of  combnstiou  of  I  lb.  of  carbon, ii,i94,00> 


mUT  LAW  or  TtlEBVODTTfUUCa 
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OiB^te    B«prrM<na*Uan  of  tha  FIrM  V,aw. — lu   fi^    91,   let 

auunnd  along,  or  pnratlel  to,  the  axis  O  X,  rcpreaeut 

tttcoeaaivuly  ateiuueil  by  a  givuu  ^ 
an  elastic  sobsUnoe,  by  wboee  alter- 
icm  and  contzaction  beat  is  nuule 
mechanical  enargy;   O  Vj^  and 


luce 


\o 


T* 


FIg.»l. 


the  least  and  greateat  volumvs 

snbstAQoe  Is  made  to  aasume,  and 

intermediate  Tolume.    For  brevity's 

l^eae  quantities  will  be  denoted  by  v., 

Vf  respectively.     Then  r,  -  «,  may  re- 

the  space  traversed  by  the  pist^ju  of 

e  dimng  a  single  stroka 

ordinates,   measured  parallel  to  the 

V,  and  at  right  angles  to  O  X,  denote  tbe  expan&ive  preKures 

livoly  exerted  by  the  substance  at  the  volumea  denoted  by 

iciSBK,     During  the  increaae  of  volume  from  «,  to  t*,,  the 

m,  in  order  that  motiva  power  may  be  produced,  must  be,  ou 

lole,  greater  than  during  the  diminution  of  volume  from  v^  to 

that,  for  instance,  the  ordinatca  V  Pj  and  V  P^,  or  the 

pj  and  p^  may  ivpresent  tbe  pressuree  corr«ipon«ling  to  a 

lume  V,  during  the  ex[>auaion  and  contraction  of  the  sub- 

respecUvely. 

aa  in  Article  43,  and  fig.  17,  the  area  of  tbe  curvilinear 
or  indioator-dia^ram^  A  Pj  B  P-  A,  will  represent  the  eaergy 
'  by  the  elastic  substAnce  on  uie  piston  during  &  complete 
or  cycle  of  changes  of  volume  of  the  elastic  eulwtance.  The 
~  expnaaiou  for  that  area  ia 


in  rirtne  of  the  first  law  of  thormodymunics,  repreaentA 
uuita  of  work,  tho  mechankal  vptivaietU  of  the  beat  tcktch 
■■n  dming  a  complete  forward  and  bock  stroke  of  the 
I  that  is  to  aay,  if  ^  roprciicntfi  the  quantity  of  heat,  in 
n  thermal  unite,  received  by  the  ehutic  Hulwtanoe  during  one 
the  proccas  (such,  fur  examnle,  as  the  heat  communicated 
rtaia  wei^t  of  water  in  a  boiler  in  order  to  produce  steam), 
the  quantity  of  heat  r^jecUd  by  the  Hamu  HubHtuuco  during 
r  port  of  the  process  (such,  for  example,  as  the  lieat  abntracted 
m  lamu  quantity  of  water  in  thu  condenser  of  a  cou<li.-U2UUg 
I  or  by  the  air,  in  a  non-oondcnaing  engine) ;  and  if  Hj  and 
tlio  some  quantities  of  heat  expreaaed  in  foot-|)ottn>* 
fintlaw. 


miat  AVD  onncB  deat  exoesss. 


J(l,-A.J  =  H,-H.-f(;,,-p^c^„ 

■^■i  i^M» — A  Uda  drawn  oa  a  dlagtum  of 
■i  ordixaitea  rcprutieut  the  pressoree  of  a  stibitUKei 
'toTfenotu  volume^  while  the  absolute  temi 
m  ooBStant  vslne,  denoted,  for  example,  by  r,] 
^Ad  A*  wflmo/  tiite  o/t  for  the  given  subntauce  (me  fig,l 
ftmH^  ftr  aataKx,  that  the  co-ordinates  of  the  point  A,  v^i 
j^  i^MMk  ic^Kctrrely  a  volume  and  a  preomre  of  a  giT«a 
^■■■^aftvUcfc  dM  al«olat«  temperature  ia  r ;  and  the  aycti' 
^ff^tepiiH  B^  vu,  a^  and  phA&<>ther  volume  and  pnwBureat' 
lb*  riMito  %—pwatn«  is  the  same  ;  then  are  the  pointt  Ai 
^^Mi «•  tte  Mma  iKrthAnnal  lineTT, 

On  the  other  hand,  \(A  the 
Btaoce  be  allowed  to  yir^n^ 
the  volume  and  preasom  p^  p^  ^ 
out  receiving  ur  emitting  hertj 
when  it  nwchen  a  certain 
ftf  let  the  pressure   be  n-pr. 
by  pt,  whicui  is  lees  than  ths^ 
sure  would  have  been  had 
pcratare  been  maintained 
becauae.  by  expansion,  hnat  iij 
to  disappear.      Then  C  will 
^        '      "  |x>int  on  a  certain  curve  N  N 

^  wg  through  A,  which  may  he  i 

>^a0  ftwMaMMwn,  or  adiabaiic  eurva. 
V  to  W  wfartooJ  thai,  during  the  process  last  deKxil 
,  aatiu  flocrrted  during  the  expannou,  and  wtud  i 
1  ly-  ihr  ana  A  C  V^  T„  is  entirely  commonicatH]  ta  i 
LW^aaek  asa  piston;  forif  any  piirtof  it  weiy^ 
iM«k*pHtick»  d  the  expanding  subHfauice,  a  poitioni 
TW  mawliwtd  by  friction. 
Y«««  W  a  canvvhoM  ordinates  represent  the  pressnrGS ' 

Tvlomoe  when  the  milistanoe  it  alnolst 
I  ^  hfl^  Ikta  this  ourre,  which  may  be  called  the  li» 
at  oace  an  isothermal  curve  and  an  adinhsc 

~%%«  «»  j^  know,  tlte  line  of  absolute  cold,  for  all  sut 

A  Ws  Kmv  Bficortained,  is  an  asymptote  le  s' 

wk  <WTM jM^eurvea  of  no  tnuismission,  whic 

«^  4ll^^HHfiBit0ly  as  the   volume  uf  tl 

it  coincides  sen^hly  wil 

p*X;  t^^^^^B^nibstance  wholly  destitfll 


THKORCH  AS  TO  ACLUUTIO  OUBYES. 
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following  property  of  adialwtic  cnrvea,  in  connection  with 
I  fitst  lav  of  thermodynamics,  in  the  foundation  of  mouv  usufui 
ilious.      (It  was  flnit   dumonsti-ated  in   tho    I'hUo^cmhictU 

for  IS54.) 

>EE1L     TJie  meclumical  equivaleni  of  the  h«at  obMrbed  or 

t)ut  hy  a  mibataiu^  in  pamug  from  one  t/iven  $tale  tu  to  prea- 

and  volume  to  another  giixti  slate,  through  a  aariee  of  states 

"ented  by  the  co-ordifuUes  of  a  given  curve  on  a  diagram  of 

f,  w  repreunUd  ly  the  area  include  between  the  given  curve 

'■  iteo  cnrvee  of  no  tranamission  of  heat  drawn  from  its  9xtremiiie»f 

'  wd^nite/y  prolonged  in  the  directum  r^frtaeatijtg  ittoreaee  of 

lODstmtion)  (two  6g.  OZ).    Let  the  c^-ordinAtca  of  any  two 
A  and  h,  tvpivsont  respectively  the  volumes  and  prcsaurei 
[ttie  Bohstance  in  any 
UonditioDB;  and  let 
Jaxtvn   of  any   &gure, 
tB,  reprecent  by  the 
ites  of  its  points, 
Sitraty   succession 
lee  and  pressures 
which  the  sub- 
lit  made  to  paea, 
agiiigfrom  the  con- 
A  tu  Uie  condition 


FifT.  9a. 


From  tho  polnto  A  and  B  cespoctively,  lei  two  adiabatic 

A  M,  B  N,  extend  indefinit^^ly  towardg  X;  then  tho  area 

to  in  the  enunciation  is  that  conUiined  between  the  given 

itniry  curve  A  C  I)  and  the  two  iudetinitcly  prolonged  adiabatic 

areas  above  the  cnrve  A  M  being  cuiiaidvred  fts  represent- 

lieai  absorbed  by  the  substance,  mid  those  below,  heat  given 

iTo  fix   the   idtttis,  let  u3  in  the  first  place  suppose  the  area 
[A  C  !i  N  to  l»  (dtuated  above  A  M.     After  the  substance  has 
!ied  the  statu  B,  let  it  be  expanded  according  to  the  adiabatic 
B  N,  ontdl  its  volume  and  pressnire  are  representwl  by  the 
1  of  the  point  D*.   Next,  let  the  volume  fp  lie  loaintained 
itf  while  heat  is  abetracted  until  the  proasure  falls  so  as  to  be 
lied  by  the  ordinate  of  the  jiouit  D.  situated  on  tho  curve  of 
tnnamisaion  A  AL     Finally,  lot  the  subatanoe  be  comi'n-ssed, 
to  this  curve  of  no  tmunmissiou,  until  it  reccivi;rs  ita, 
ilive  condition  A.     Then  the;  urea  A  C  B  D'  D  A,  wliich  re-| 
ltd  Uie  whole  energy  exerted,  by  tho  suWtanco  on  a  piston  ■ 
nag  oof  cycW  of  optnitums,  n-pi-eoonta  also  the  heat  which  di»- 
that  is,  Uie  diU'erence  between  the  heat  abaotV 
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mui  A3rD  omKB  hkat  kngutes. 


Rutistanoe  during  the  chnitgo  frotii  A  to  B,  and  the  heat 
during  the  chnoge  from  D'  to  D ;  &r  if  this  were  not  ao,  tlw 
of  uiH;raitous  would  aHer  the  amount  of  ener^  is  the 
which  M  impoasihie. 

The  further  the  ordtDnte  Vp  I)  D'  is  removed  in  the  directioal 
Xf  the  finialler  does  the  heat  emttt«l  during  the  ch&ngie 
D  become;   and   coDsequvutly,  the   more   ncariy   doca 
A  C  I)  D'  D  A  ap[>roximate  to  the  equivaleat  of  the  hmt 
during  the  diaoge  frum  A  to  B;  to  which,  thtxtjbrv,  the 
tlio  ind6finit<>lj  prohfnged  diagmm  MACBK  ia  exactlj* 
— Q.E.D. 

It  is  easy  to  stx  how  a  similar  dcmonstmtioQ  could  hare 
applied,  mutaiis  mutandis,  had  the  area  lain  below  the  cur^-e  J 
It  is  evident  also,  that  when  this  area  litjs,  part  above  and 
below  the  line  A  M,  the  difference  between  those  two  paitt  i 
aests  the  difierence  between  the  heat  ahmrbed  and  the  beat 
during  different  parts  of  the  o|wration. 

OoBOLLABT. — The  d\ffiirmea  between  tke  v:hoU  heal  ahmtrhei,  i 
tim  loSole  ea^atmve  «nArgy  esgried,  dwrmg  the  operatitm 
Ay  any  cvnw,  euch  oh  A  C  B,  on  a  dtagram  of  energy^  d^pmlt 
lit  wmtd  and  Jtnal  oondiHont  of  the  wbetance  alone,  and  mat  tm  I 
wiarmmliate  ptveea. 

(Demonstration.)  In  fig.  93,  draw  tho  urdinotes  AV^,  B' 
parallel  to  O  Y.  Then  the  area  V^  A  C  B  V„  repraaenti 
tJDOi:^  exert«l  in  a  piston  during  the  operation  A  C  B;  and ' 
evident  that  the  difference  lK>tw<!«n  thin  area  and  the  indetini 
prolonged  area  MACBK,  wliich  reptvsenta  the  heat  received  I 
the  substance,  dejieuds  simply  on  thf«  positions  of  tho  points  A 
B,  which  denote  the  initial  and  final  conditions  of  the  suhstanoej 
K>  volume  and  pressure,  and  not  on  the  form  of  the  curve  A  C] 
which  repreaeutti  the  intermediate  process. — Q.KD. 

To  exptOHS  this  result  symUiHcally,  it  is  to  bo  conxideml, 
(he  excess  of  the  heat  or  actual  energy  reedved  by  the  sul 
above  the  expanrtive  |>nw(>r  or  potential  energy  given  o*»t 
exerted  on  an  external  body,  ttucb  as  a  piston,  in  passing 
„Qiidilaon  A  to  the  concHtirm  1!,  is  ecjual  to  tlie  whole  cneigy. 
^  in  the  substanoe  during  tliis  operation,  which  oonnsta  of 

kfbal  onet^'  't  being  tlit;  increaae  of  the  actual  or  sensible 
J  A*  wbetflnc*  in  pawing  from  tho  condition  A  to  the  oonditJos 
R  Thich  wfty  ^  represented  by  this  ex|ireasioD, 


ft^< 


Mnffej;  being  the  power  which  is  stored  up  in  prodooBf 
^rajkcolar  aiiuu^oucut  dui'ing  this  process;  and  whtdii 


* 


i 
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it  appnrs  finotn  tJie  tbeorem  jtwt  prared,  mairt  be  represented,  like 
ih»  actnftl  energy,  by  the  tUfHiiviux)  betwwa  a  fuDction  of  the 
Wamo  and  pressure  oorreaponding  to  A,  Mul  the  aaalogoiu  fmic- 
tion  of  the  Toltune  and  |>T«s3nre  cotTo^NHuling  to  Bj  th&t  is  to  say, 
by  an  expreauon  of  the  furto 

i  S  =  Sb  -  S, -.» (1.) 

H^p  =  areaMACBN 

it  the  halt  received  by  the  substance  duriog  the  operatiua 
A'C  B,  and 


/""^prfB^areaV^ACBV, 


theno-wer  or  potential  energy  exerted  on  a  piston. 

Ilien  the  theorem  of  this  Article  is  exprceeod  as  foUovs:— 

a  form  of  the  gen(.>nd  equation  of  the  expamdve  actirai  of 
k^  in  which  the  potential  of  vtoUetilar  action^  S,  remains  to  be 
ttoarmined. 

t40.  Twcai  A«tBid  Ommt. — hei  a  Bubstanoe,  by  tha  expenditure 

in  friction,  be  brought  &om  a  condition  of  total  privation 

it  to  any  t<irticu!ar  condition  oe  to  heat     Tlien,  if  from  the 

energy  so  expended,  there  is  subtracted — fint,  the  mechanical 

purfonned  by  the  action  of  the  subtftauce  on  external  bodieo, 

'h  changes  of  ita  vohune  and  figurf,  during  mich  faeettng; 

ly,  tlw  mechanical  work  due  to  mutual  actions  between  toe 

ea  of  the  rabstance  itaelf  during  such  heatiitg;  the  remainder 

represent  the  eneigy  which  is  employed  in  mtunng  the  ntbttainM 

and  which  might  be  made  to  reappear  as  ordinary  mechanical 

T,  if  it  were  poeHible  to  reduce  the  substance  to  a  state  of 

privation  of  heat     Tlua  remainder  it  the  quantity  called  the 

otiual  heat  of  the  substance;    being  the  total  enei^gy,  or 

aty  fur  performing  work,  which  the  suhtttance  poaacnos  m 

of  being  hot.     It  is  not  directly  meaamable;  but  its  valne 

be  computed  &om  known  quauUttcSf  by  mcana  to  be  afcex- 

explained.     When  a  homogeneous  subetanco  is  nnifurmly 

way  (nrticle  of  it  is  equally  hot;  and  uvcty  particle  in  hot  in 

leof  a  condition  nf  its  own,  and  independently  of  forces  cxe 

Bn  it  and  other  partaclwi     These  are  iacts  known  by  expa 
;  aud  they  lead  to  the  following  consequence : — that  w1k-u  •■ 
actual  heat  of  a  homogeneous  and  uniformly  hot  frnhgtanai 

X 
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considered  as  a  quantity  made  up  of  any  nnmber  of  eqaal  parts,  tit 

llioso  tqiml  parta  are  similarly  etrctimgtaDced;  aud  lic-ucu  foUow*- 

241.   The  Mno»4   Ijmw  •(  Tlmwmm^ftmmym. — //  the  toUd  aetm 

htat  of  a  homogewoM  and  unifomdy  fiot  tubgtanee  be  conceited  l»ti 
^dwided  into  any  number  of  egwd  parte,  the^eeU  of  tboee  parte  « 
iDork  to  be  performed  on  a^uo/.— lliii  lav  may  be  oon 
mdered  as  a  partictimr  case  of  a  geooral  law  applicable  to  evo] 
kind  of  actual  erutrgy ;  tliat  is,  cajiacity  for  parfonning  work,  ooih 
Htitiited  )>y  a  certain  oouditiun  of  each  particle  of  a  sobetanoe,  boi 
small  soever,  independently  of  the  pi-csence  of  other  purticln  («ik1i 
as  the  ciuergy  of  motion).  Thu  symbolical  uxpresion  of  the  sooodc!] 
law  of  thermodyiiamica  is  as  follows : — Lot  anity  of  weight  oi  a  I 
homogeuRoii^  sitbAtunoe,  pooReasing  the  actual  heat  Q,  nndingo  auf 
indefinitely  small  change,  ao  as  to  perfonu  the  indefinitely  saull 
amount  of  work  dV.  It  ig  reqoued  to  find  how  much  of  thn 
work  ia  performed  by  the  disappearance  of  heat.  Conceive  Q  to  b> 
divided  into  an  indefinite  number  of  indefinitely  small  o<jual  parts, 
each  of  which  iH  3  Q.  Each  of  those  parts  will  cause  to  be  per 
formed  the  quantity  of  work  represuntoii  by 

consequently  the  quantity  of  work  perforrafd  \rj  the  diBappeannct 
of  heat  will  be 

Q-^^'u. 0-) 

which  quantity  iit  known  when  Q,  and  tlie  law  of  Tariation  of  iv 
with  Q,  arc  kuown. 

242.   AbMolate    TeMip«nunr«y— SpccWfi   acai.   Il«iU  aad  A>yn1 

— Temperature  \a  a  function  dciKiiding  on  the  tendency  of  l»«>ili':-s  t 
oommunicatc  the  condition  of  heat  to  eaoh  other.  Two  UhIio^  ue 
at  equal  tanperaturrs,  when  the  tendencies  of  each  to  roafcc  tbf 
other  hotter  are  cqnal.  All  Riilnrtanoes  abpohitfly  dovoi'l 
are  at  the  same  tempemtiire.  Let  this  be  culh-d  the  ni.- 
o/fiaU;  and  let  the  «cale  of  tem]>eratiu-e  be  so  graduated,  that  fbi 
a  given  horaogeneons  substance,  each  degree  shall  corre»pand  to  la 
equal  increment  of  actual  heat*    This  mode  of  graduation  ncc» 

*  The  mode  of  gnulnatim  Kbcnro  dacribcd  kad*  to  «  dywinucu/  teaie  of  i 
teiopcvnturea.     Jo  Anicle  301,  ■  Kale  of  kblolnle  tamperatnrM  b  deKtIbHl, : 
npon  tbedaitid^ofaperfwt  gaa.     It  was  uddpated  «oidb  ;Mnagei,tqri 
tlkeonUoil  sad  bypotkadcsl  lanrt^atloai,  Uut  Uw  k«]«  of  tlw  perflact  ^»  ti 
awi«r  would  bo  bmnlL  to  agiw  with  Um  dyoualol  ahMhilfi  tbatDometrie  siaH  *' 
tli«  Iciij^tli  iiffti  dogma;  and  alw  tliAt  tlie  xcra  of  tfaoBe  scales  would  be  bond  Hf 
Dcar  rjKb  other,  if  not  e^dduDt.    Tfaroagbout  many  of  the  pefen  ratered  tt,  ^ 
fnnanlc  wtn  to  framod  a>  to  oootala  unknowo  tuiat,  lulted  to  pitrvUt  tot  the  | 
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io  the  same  soale  of  tomperaturo  for  all  substances. 

ibstoiUKS  A  and  B  be  at  equal  temperatures  wlicn  they 
lively  two  certain  quantities  of  actual  beat  Q^  auti  Qj, 

of  those  quantities  of  actnal  heat  be  divided  into  tlio 
tier  of  Mjuat  parts  n,  the  tendency  of  the  substance  A  to 
fite  heat  to  B,  arising  from  any  one  of  the  nth  pans  of 
Irom  the  property  of  actual  beat  already  mentioued,  be 
ID  tendency  of  B  to  communicate  heat  to  A,  aiising  from 
*  the  »ith  I'urts  of  Qb;  fi-om  which  it  follows,  iliwt  so  long 
ntitice  of  actual  heat  poeseffied  by  tho  two  nntiKiances  are 
u  Qa  -  Qii>  ^«'>r  tt^mpenitnres  are  cqiiul,  indi-iKrndt-ntly 
ifcifs  ammmta  of  those  qunntitirs.  Tlie  lutiuunt  of  actual 
cased  in  units  of  work,  which  oorreniwndR,  in  a  given 
io  one  degree  of  absolule  temperature,  \a  the  retU  Ji/namtcfU 
tt  of  that  Bnbstonce,  and  is  a  constant  quantity  far  all 
tee.  The  total  quantity  of  mechanical  energ)*  i-equired  to 
temperature  of  unity  of  weiglit  of  a  substance  by  one 
neroUy  includes,  besides  the  real  specific  heat,  work 
in  overcoming  molecular  forces  and  external  prefwiirea. 
I  ajjparaU  dynaumccd  spccijic  fieat;  and  may  be  constunt 
*,  JoaIe*fl  equivalent  is  the  apiNii'Cnt  dynamical  Bpecifio 
|uid  water  at  and  near  its  maxlDiitm  density;  and  it  is 
qtuU  sensibly  to  the  real  u)ieeilio  hi.i<.t  of  that  substance, 
pedfic  heat  of  each  aubstance  in  coiuttant  at  all  densities, 
the  mibetanco  retains  the  same  condition,  solid,  liquid,  or 
tut  a  change  of  real  specific  heat,  ftnmetimcs  conmuerablo, 
npiuucs  the  change  between  auy  two  of  those  conditiona. 
mutual  praportionality  of  actual  heat  aud  absolute  tem- 
-hcrv  folluws — 

w  fltvaad  Law  of  Tlimctdrnfamfc*,  exprenud  wUh  refer- 
DLLTR  TKUPKKATURK.  1/ Uie  ab$olute  temperolun  qf  onj/ 
ftot  mliiftanoe  h«  dixnded  inio  any  number  ofeqtial  parU, 
iflhoge.  parU  in  ccnuing  tcork  to  be  per/onned  are  equaL 
ts  expressed  algcbnuctdty  as  foUows: — from  the  relation 

alute  temperature  (t),  and  actual  heat  (Q),  it  foUows 

ti  T  ^  </  Q' 

(be  exprcaaioa  1,  for  the  work  performed  by  the 
^  heat,  ifl  transformed  into 

difibrenco  betwwi  thow  vmt.    But  u,  «ooordln|f  to  ih»  Ui 
.  no  wdi  ippnotabl*  dlflkmici  Jps  been  found,  Uie  wro  uMl  j 
',  gu  tbermonMUT  iiiay  be  iztAlM  m  JWRsibly,  if  Di>t  vxKtljr,  ooin- 
tdynnnkal  ibwlule  zero  and  Alaoluto  theroiiNnvtrk  tcalc 


4 


\ 
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dr 
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This  oxprwiicin  is  applicable,  not  merely  to  homogoka 
otuuM,  bnt  to  hoterogawmu  aggre^tei. 

When  the  expreiaiona  1  of  Articles  211  and  343  ne  : 
thej  r^meent  neat  which  appears  in  oonaoqiienoe  of 
penditore    of  meohaaical   work   iu  altonng  the  conditii 

tluUitliUCti. 

Tbo  first  anil  seoonil  laws  vinoally  coaipriw!  the  whole  ill 
thermodjiuunica. 

344.  ■enaJ  Law,  MihimimiiJ  fi*«pUmllr. — ThBOBBX. 

94,  2i<  A^  A«  M,  Bj  B,  N,  6«  any  tun  adinbaUe  mrvm,  i 
taelgmUd  m  U«  direetun  t/  X,  iniarmeUd  ra  (fta  f>oin»t  A^,  B. 
ay  two  uoOflnwa  eww*.  Q,  A,  Bi  Q,,  Q,  aJB,  Q^  wAw 
gpond  to  two  ahaotuU  ttii^«rat»a^,  t,  om  tj,  di^eniijr  6y  tfte 

TAen  Aa  quadrUat«rat  arm.  A*  B,  B,  A^,  bmn 
iml^fimlttif  pnlottgmi  ana  M  A,  B^  N,  As  mnu 
Urn  difftrtuM  </  teHp*mtof«  a  r  boon  to  df  whdU 
twriT;  or 

•Tea  Ai  B,  B,  A,  _  *  t 
«va  M  Aj  Bi  N  ~  ~" 

(Demonntmbon.)     Dmw  the  ordinatea  A,  V^,,  A-  V^  B 
B,  Vm>    Suppow,  m  Uie  firet  phue^  thnt  a  t  is  an  (Jiquut  |> 

r,  obtaioMl  by  flindil 
latter  qiwntity  by  n 
teger  n,  vbioh  we  i 
liberty  to  incxvaaew 
limit. 

Tho  entire   indefi 

proloD}^^  area  IS.  Ai 

repn^amits   a    quant 

boat  which   is    ooo' 

into     nipchaoical    i 

|.  94,  daring  the   expuoi 

the  flubshuioe  from 

X     in  cottiwq'"'"*-*  iif  the  continued  proaonc©  of  the  ahmlnti 

^Mgfgfict  V|>    Mutatis  vitUmidii,  a  ftinular  statement  may  be 

the  area  M  Aq  i),  N.    (By  inoreanng  wirhont  lln 

^  Wt  >n*l  diminishing  a  t,  we  may  makn  the  cxpanaioi 

V^M  nrarly  as  wo  pK-nse  an  identical  phcnomenoa 

from  V„  to  V„,.)     The  quadrilateral  A,  ** 

,  diminution  of  coutxraiou  of  heat  to  ui 


At  AS 
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_rt  vliicli  results  from  the  abstraction  of  any  one  whatHOover 

tbe  n  equal  [ArtA  a  t  into  which  the  ab^jlut«  tompei-aturc  in 

to    be   divided,    and   it   therefore    represents  the  effect, 

ocrtiversioD  of  beat  to  mochanicul  euL-i-^,  of  tho   prescucu  of 

'  one  of  tboee  parta      And  as   all  th<Me  parts  &  r  aru  siniilar 

aimiLiHy  drtnuustaDced,  the  elTcct  of  lliu   jirL-beucu   of  the 

absolute  tomp«ratnre  r,  in  canning  convereion  of  heat  t<i 

inical  eaerj^,  will  be  luniply  thu  aura  of  tho  efiectn  of  all 

ipartR,  and  wiU  hear  the  same  mtio  to  tbe  effect  of  one  of  those 

which  the  whole  absolute  teni|Himture  bears  to  the  part 

by  \Trtuo  of  the  general  law  emiiiciated  below,  the  thoorom 

fwJ  when  A  T  is  ail  aliquot  |)art  of  t^  •  but  a  t  ib  either  au 

port,  or  a  sum  nf  aliquot  partd,  ur  may  be  ind^iiiiiit^ly 

'  to  by  a  scriwj  <>f  aliquot  imrta;  no  that  Uie  thwrem 

illy  tnie.— Q.  E.  D. 

LsyniboUcal  ex|>ressiou  of  thia  theorem  is  as  follows: — Wheo 

Inte  temperature  t„  at  any  given  volume,  is  varied  by  the 

itiriy  sinall  quantity  I  r,  let  the  pressure  vary  by  the  iudefi- 

small  (|iiaiitily  7^  ^  ''i  then  the  area  of  the  quadrilateral 

:  B|  A]  vill  be  ropreftonted  by 


I 


J  v.dT 


oonsequently,  that  of  the  whole  figure  M  Aj  B|  N,  or  the 


BKAT  OF  KxtAXSioH  from  T^, ,  to  Va.  I,  at  Til  Igr 


J  A, 


|- "»(/;> 


-^^=^^}yi'- 


.(2.) 


U  subfitantially  tricntical  with  that  exproBRed  in  equation  I  of 
243,  when  p  dv  is  put  for  d  V. 

demoniitniti<in  of  this  theorem  is  an  example  of  a  specdal 
'  ID  of  the  following 

Obskkal  Law  or  the  TaAKSpwRHATios  op  Enebgy. 

effect  of  the  preeenoe  in  a  stib^anee,  of  a  (fua-niUy  of  acfi 
pry.  Ill  causing  trantformation  of  energjf,  is  tha  gicm  of  tlte  ^ecU 
~  its  parts; 

i-  law  first  enunciated  in  a  |iA[>er  read  to  tho  Philofiophical  Society 
|€OlA«gow  Gu  the  5th  uf  Januai-y,  ISo'S. 

^5.    Of  IlMH   PMCHtlnIa   aad    Tb«rai*(lr"n*"le    FMNrilana. — The 

lieooDd  law  of  themindTDamics  may  also  be  expressed  in  the 
l: — The  icork /jer/irmed ^tf  ihe  dUaypfa.Ta}wt  oj  \\M 
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an^ xmd^niteljf  tmaH  cariatum  in  tin  iMif  q^a«di 
fry  (A«  pnx/eiet  ofUte  abrnduU  imp&mture  imi»  <4s 
lainjitnetion,  uAicA  yunefiim  w  lAc  rate  ^  variafuM  ^y  !&« 
tpork  per/ortned  wUk  tmnperahm/  iimX  u  to  mj,  VMke 


then  the  work  perfonned  by  the  diappeuKnoe  a(  hmt  is 

''^F (I-)] 

This  fuucttun  F  has  been  caDed  the  heat  patmiial  of  the  ^4 
Bubstanou  for  the  kind  of  work  under  conatderadon. 

Now  let  Ibt:  substuncc  both  perform  work  and  undenco  a 
tion  of  absolute  teaiperaturc  d  t,  aud  let  It  deiiute  its  real  dj 
BpecUlo  heat      The  whole  heat  which  it  most  reoem 
oxtemal  souroo  of  heac>  to  produce  thow  two  e&ecbi  sismill 
U 

JrfA  =  dH  =  ferfT  +  TrfF  =  »rf  f ; (l)_ 

in  which 

*  =  fe  ■  hyp  log  .  +^ ......<l)j 

•  u  called  the  thermod^amic  AtneUon  of  the  sabstauce 
kind  of  work  in  qnestion;  and  in  mme   papen,  the  heat^j 

Thr    oqitation   (3)   is  the   GENERAL   EQtJATIOX  OF  TDEUIODTyj 
which  wo  shall  proceed,  in  the  ncqiieJ,  to  applj,  isij  detenmning 
thrmiotlvDamic  function  for  (.<ocli  {)articuhir  case. 

In  di-t<'rmiiiiiig  that  function,  it  i«  to  l»e  ohsprved,  that  thr  faac- 
tion  IT,  reprcaenting  the  wortc  performed  by  the  kind  of  cliaitjp 
tmdor  Dontotnplutiou,  ia  firet  to  be  investigated  as  if  the  tempctstvi* 
wre  oonstan^  and  then  the  law  of  ita  variation  with  absolatM  tmf 
jifimture  found. 

Thu  pr(>jH?rty  of  an  adiah<Uie  atrvtt  is  expressed  by  rf  •  H  =  0; 
twva  which  it  is  evident,  that  for  such  a  curve,  J  (0  ^  0;  that  la  U> 
tti^,/t>r  a  given  adiabaiie  curoe,  the  t/teriaodynaaUc  JtoteUonhM* 
ttMlimt  vti/tie,  proper  to  tJutt  curve. 

In  fig.  94,  Article  241,  tho  indefinitely  extended  area  betweeo 
|kliif>  t»oUiornial  curve  Qp  Qj,  anil  the  two  adiabHtic  curves  Aj  H. 
V^  Nt  U  tho  product  of  the  Absolute  temperature  proper  to  Uw? 
Ui^Uivnniil  curve  intu  the  fUlTerenoe  between  the  thermodynaiBtC 
ItUHAuois  proper  to  tho  odiabatic  curves. 


MO^ 


8«cnoN  3. — Ex^TUfive  Actitm  of  If  col  in  Fhtidi. 

%•   Vinid*.  —  In   representiog 
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ucuUy  Uie  general  laws  of  thermodyn&iQics,  the  iUuHtntions 
Ar  eiunloTod  iu  Articles  238,  339,  and  211,  have  been  tokcu 
the  changes  of  presanre  and  volume  of  fliuds  as  affected  hy 
It  is  to  be  Iwrue  in  mind,  however,  that  the  gencnd  larva 
lappUcable  to  the  relations  vbicb  heat  benrs  to  the  enei^  of  all 
~ '  of  ehuitii:  forces,  as  well  as  to  the  simple  cx|huuuvc  proattiurv 
ed  by  duida.     In  the  expression  for  work  |>erform(>d  against 
I  ext^iial  ruustauce, 

dXJ  s^p  dv, 

I  instead  of  an  elementary  iucroase  of  the  voinme  of  a  mihstonoe,] 
or  fluidr  may  represent  an  elementary  port  of  the  motion ' 
takes  plaoc  ainougst  its  particles,  as  it  returns  to  ita  original 
after  having  been  distorted,  and  p,  the  force  with  which  it 
1  to  recover  its  original  figure ;  in  which  case,  v  may  still  bo 
ented  by  the  absassa,  and  p  by  the  ordinate  of  a  diagram  of 
ff  and  pdv  hy  an  elementary  portion  of  tlie  area  of  tliat 

liMsmach,  however,  as  all  known  htut  ^.-ugines  perform  work  byH 

nuof  the  changes  of  preemire  and  volume  of  Quirts  alone,  it  is  V 

•essary  in  this  treatise  to  do  more  than  to  refer  in  general 

t  to  the  flpecial  application  of  the  laws  of  thermodynamics  to^_ 

dastidty  of  solids.  ^^ 

ITOA  tiie  present  Boetion  will  bo  considered  the  more  important  o^' 

Wr  ^Kcial  applications  to  the  elasticity  of  fluids. 

IjA>  t  denote  tiie  volume  iu  citbic  feet  occupied  by  a  givon  masft 

~  uy  fluid,  whether  liquid  or  gaseoiiH,  enclosed  in  a  vesiel  o£ 

riaUe  cajiaoily  (such  as  a  cylimlcr  with  a  piston);  p  the  pnnBore^ 

I  rfini  to  expand,  which  the  fluid  exerts  against  the  interior  of 

I  fwtl,  in  pounds  per  square  foot ;  tlien,  as  in  Articlos  6, 43,  &c., 

\  fdv  denote  the  external  work  in  foot-pounda  performed  by 

>fiuid  during  an  indufinitety  iiumll  expansion  <^v,  and  /  pcfvthe 

al  work  performed  during  any  finite  expansion,  the  relation 
an  p  and  c  being  fixed  by  the  circumstonoes  of  the  caHC.     To 
Oie  themiodynumic  function  for  the  expansion  of  a  liuid,  tlio 
Bare  ^  is  to  be  expressed  in  the  form  of  a  function  of  the  volume 
I  ud  absolute  temperature  r,  and  the  guueral  value  of  the  integral 


I 


V=jpdv, 


on  the  BupfKudtion  tliat  r  is  coiiHtant ;  then  the  tbermt 
fuQCtiOQ  will  be 

*  =  k    hyplog  T+ /^<'»' 
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Tlie  aeooiid  term  of  this  exprevuon  it  repreaented  gx&phic 
in  6g.  94,  hy  the  timiUn;;  ratio  of  the  area  of  the  batul  A,  ' 
to  the  diflerenre  betwt^'n  tbu  abBolat«  temponlurea  oor 
to  tho  upper  and  lowtir  (-dgwi  of  tlwt  land. 

Applying  the  thennntlynamic  function  to  the  det 
foot-pounda,  uf  the  whole  qttautity  of  heat  d  H,  wfaidi 
communicated  to  one  ponud  of  the  fluid  in    order   to 
siiiiulttuiL'ouidy  Uic>  indefiuitely  small  vari«tion  of  tcm[teratuze  i 
and  the  ludeBnitcIy  small  variatioa  of  Tolume  d  r,  wa  tind. 


dT-i--,-dv 


dv 

dr^rpdvi, 
a  r 


which  is  the  general  equution  of  the  expansiTe  action  of  heat  iiJ 
fluid. 

If  this  expression  be  analyzed,  it  is  found  to  consist  of  the 
lowing  parte : — 

L  't\iv  variation  of  tho  actual  heat  of  unity  of  weight  of  the  flnid 
jtdr. 

II.  Tho  heat  which  tlisappcars  in  producing  work  by  motoal 
molecular  actions  depending  on  change  of  tcmpomture  and  not  on 
change  of  voluiae, 

Tho  lower  limit  of  tlus  int«'^ral  is  made  to  oorre^iond  to  the 
state  of  indefinite  rarcfiMitiou ;   that  is,  of  perfect  gas,  in  whidt 

ckoac  actions  ai-o  null.     Let  D  ==  -  be  the  density,  or  wejgbt  si 

unity  of  volume  of  the  fluid ;  then  we  have,  aa  a  more  oanvtiiient 
fbrm  of  the  integral, 

r  *^-''rf„=_/"°  j5-rfD {!) 

J  ^d-^  Jo  -^ 

latent  heat  of  expansion, — that  iA,  heat  which  iD»- 

performing  work,  |jiu-tly  by  the  forcible  wUargemeDt  of 

v«nil  containing  the  tlnid,  partly  by  mutual  moleotilar  actioni 

en  oxpansioQ,  r  ^  d  v. 

•jqirrsaed  in  units  of  work,  which  must  be  eoinnnmi- 
^tJHy  of  weight  of  a  fluid  to  produce  any  givcu  GsiW 


glyliu 
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of  iempemture  and  volnme,  is  fonnd  bj  integratiTig  the 
iou  S.  Now  Umt  exprecuion  in  not  the  exuct  diflervntiiil  of 
lunctinD  of  thr-  tempcmttire  ami  volume;  oonwyiuently  ifat 
ml  docs  not  depend  solely  on  the  initial  and  final  condition  of 
mid  afl  to  t«niperatitre  and  volume,  but  hIso  upon  the  mode  of 
inwdiat«  variation  of  those  qwuititiea.  The  graphic  repreaen- 
on  nf  tliat  intend  is  thu  iudefiuiuly  prolonged  area  M.  A  C  B  N 

-17.  iMTtaflic  Bavrsr  w  a  Flaid. — Auotlier  mode  of  analyiing 

exprtiwioii  2  of  ArticKi  2iG  in  at  follows  : — 
._  The  Tariation  of  actoal  befit,  sa  before^  kfir.  ■ 

The  external  work  performed,  pdv,  represented  by  ao  elc- 

vertiaal  band  of  the  nrcfi  V^  A  C  B  Vn,  fig.  OX 
Hm  miemal  icork  ixtrfonued  in  overcoming  molecular  forces, 

last  quantity  in  tlio  oxaict  difibrentlal  of  a  function  of  Uie 
and  volume,  via. : — 

-fA^'/r-")"'-^ (••) 

JTcn  value  of  8  expresses  the  work  re()tiired  to  ovcrcomo  molo- 
IT  for««,  in  expauding  unity  of  weight  of  a  fluid  from  a  given 
t,  to  that  of  pcifcct  gas;  and  the  excess  of  tho  actual  heat  of 
fluid  abovo  this  quantity,  or 

kT-8, (lA.) 

!»  mtriame  energy  of  the  lliiid,  or  the  energy  which  it  is  capable 
exerting  uj^tinst  u  piston,  iu  changiug  from  a  given  ittate  as  to 
fioratura  and  volume,  to  a  state  of  total  privation  of  heat  and 
efinito  expansioa.  In  fig.  93,  the  values  of  the  intriiudo  eatagy 
be  fluid  in  tho  conditions  A  and  B  aro  rcprcsimtAd  rpspcctivmy 
the  indefinitely  prolonged  an.-aa  X  V^  A  M,  X  Vb  BN.  The 
lotity  alMjve  denoted  by  S  i&  the  aamo  with  that  denoted  by  the 

pjiuliol  in  Article  238.  Let  the  auHtxcs  a,  b,  di-uoto  tho 
Itt  of  the  fluid  at  the  beginning  and  end  of  any  given  series  of 
ngm  of  Lempcraturo  and  volume,  and  H., »,  the  supply  of  heat 

an  extemol  source  neoesaaiy  to  produco  ttioso  clutngea,  ex- 
■ed  in  foot-pounds;  then 

M^,-  r pdv  =  QiT-B\-(kr-B).; (2.) 

;  it  to  my,  the  exeat  of  the  heal  abeurbed  aUve  Ui6 1 


n-EAM   AST)  OmUt   HEAT  SXGUnS. 


I    Mi 

I  pif^WMai  ii  equal  lo  the  inereats  of  the  intrinnc  tnargy;  Mtlift 
mmut  dependfl  oa  the  initial  and  final  fitetea  onl^^  u  alnady  lii 
in  Aniofe  S3& 

l^td  GxrT«MUB  »r  Ike  TlifTtB*4nwaUc  FwKiiMi  <■  T<cnN«( 
T>wi»r«iwMn.  MBd  PnwMirv. — Thu  ToluiQo  uf  unity  of  W<^gtit  < 
iai  9f  its  expaiudTB  pnmre  p,  and  ita  abaoiate  t43npent«B 
ftm  a  rfstem  of  tlire«  qoantiUes,  of  which,  when  an;  no 
^rrcn,  the  third  is  dotenniiied.  In  the  preceding  Articlo, 
valkam  and  tumpontturc  are  taken  as  inJcjH'ndeut  variables, 
^  pnasuro  ib  expruBed  as  a  function  of  them.  In  some  Idti 
■nfti^nf  it  is  oonvonient  to  take  tho  preuntre  and  t«Dip«mture  «i 
■i|MiK)eut  Tariablea,  the  volume  being  expressed  as  thedrfiiiidi 
Tn  following  exprtMsion  of  the  thermodynamic  function  in 
of  this  jMir  of  independent  rnriahles  is  taken  from  an  anpubfa 
■■[KKr,  which  has  been  in  the  hands  of  the  Royal  Society  of 
Iwgli  SQuo  1855  (see  their  Proc«e<iings  for  1855,  p.  287).  L«t  i| 
Wfcn,  be  tho  abmlate  temperature  of  melting  ice;  pf^  r^  thcji 
4aefc  ^  Ute  prBssure  and  volume  of  ujiity  of  weight  of  lite  &»iA, 
lim  fc^crfy  gtmou*  state,  at  that  temperature  (of  which  qoiai 
Maa^iftea  an  gtvon  in  Table  II.,  at  the  end  of  the  volaiae); ' 

^  |W»  ainl  of  the  ahori  cqnatiom,  and  of  the  following  well  law 


V^  ftfMttiMDa  «f  Ufl  ■pwcadiag  teetions  are  eamly  ttamifanu 
—  ■  fN^JB  nprnmUktiaa  of  tbe  qoantity  denoted  hy  the  ofi^ 

t«rm  of  equation  1  ia  of  the 
lowing  kind  (aee  fig.  Dfi):— 1^ 
wJbmdmm  measured  along  0  3 
nfnmnt  volume*  oocu{a«d^ 
one  poimd  cf  tbe  sobetanoa 
ocdinates  [ia«aU«l  to  O  T  n, 
•mtpnanras  exerted  byib< 
is  nqiured  to  find  the  ae 
tara  of  the  thennodynaatiel 
taoo  for  tbe  oondition  of  ^ 
iidrtiiini   oarrB^madiaig  to' 
<»4adinataB  ai«  O  V,  e  «, 

bang  r.     Lot  A.' 

tfidefimt^  exteniM 
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jl^dp. 


um 


t  AjTf  be  the  isothermal  curve  oorresponding  to  the  absolnte 
luturo  T  —  4^  T,  and  cutting  A^  P  ||  O  X  in  A^.     Then  the 


Odr 
its  the  limit  towards  which  the  qiiotdent 
areaTgA^AiT, 

Mt>xiinat««,  when  A  »  is  iudeGuitely  dimtuialied. 
>y  naiiig  the  form  of  the  thfrrrnrtdynamio  fiinction  explained  in 
■  Article,  the  geuonil  e(|uation  of  the  expoDsive  action  of  heat  in 
lid  is  tiuLde  to  take  the  follovring  form : — 


.(3.) 


form  vhich  is  oonvenient  in  cases  where  the  pressure  and  its 
ie  of  variation  are  aiuun^st  tlic  primary'  data  of  the  proljIeiiL 
will  be  Hhown  in  a  subsequent  Articto^  that  the  constant  part 


k  + 


Pq^o 


I  ou-effident  of  i2  t,  is  the  dyntumieal  apeci/ic  heal  oftJtx  fiuid, 
atnta  ofpofject  gas,  under  a  constant  pressure, 
9.    PrliiHpMl  AppllrailMia  •{  lb«  Vmmn  •€  (fa*  KzpMulic  AeUod 

TIic  rclutiou   between   llie   temperature,  prcsMiuT;,  and 

e  of  one  pound  of  any  pArticuIar  snhstanco  being  knonii  by 

t,  the  principles  of  tho  preceding  Articlt;a  ser\'c  to  ooni- 

the  quantity  of  heat  which  will  Iwj  absorbed  or  rejectwl  by  one 

'  of  that  Bubsiance  nnder  given  circumstaiiceH ;  and  conversely, 

le  CMea  when  the  quantities  of  heat  absorbetl  or  rejected 

ler  given  circnmstanccs  are  known  by  experiment,  the  same 

cipk-!*  eerve  to  detcruiino  iflatious  between  the  iempciaturv, 

and  density  of  the  snbstonco.    The  chief  tnibjects  to  which 

firiuciplcs  of  tho  cxuansivo  action  of  heat  are  apiiticablo,  are 
[illowiiig: — -Iti>al  and  apparent  speciiic  heat;  the  heating  and 
cuoliiig  of  gasctf  and  vu[iouts  by  compression  and  ex^iasksi<su\  ^Ciua 
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erexa  and  other  uzxt  cvonns. 


vckxniy  of  sound  in  gases;  the  &g«  expansion  of  gaaes;  the  u.. 
pM«  tJirougU  orifices  and  pipes;  the  laU'ut  and  total  h«ktofl 
Dttiuu  of  fiuidsj   the  laU-ut   hv&t  of  fuaitin^   the  dfidow 
nodynamic  ennne&.  The  lose  of  those  subjects  is  that  toi 
___,  lz«ati«e  8]M.-dally  rolatea;  but  in  ordea*  Ui  make  it  inl  "' 
it  ia  neoossary  in  tlu;  first  plftc©  to  give  a  uuminaiy  of  the 
«^tba  nubjecttt  enutiif  rated  Wforu  it. 

3S0L  Krai  u4  Aww^nmt  ll»«cMc  Bml— These  tanns  Km  L 
«i|iluxied  in  a  preWoud  Article.  The  symboUcal  expreffiion  fori 
tffiumX  specific  heat  of  a  gtren  sahstanco,  t^tnted  in  uniU  uf  r- 
per  degree  of  tempenture  in  unity  of  weight,  is  aa  follows  :— 

•  ^ 
</.   «(I-J 


J,  -  K  =  =^  =  » 


"ST 


k  + 


III  wloch  the  term  li  is  the  ml  specific  beat^  or  that  which 
iMkcathe  sabatanoe  boOcTf  Waga  ootutant  quantity;  while  i 
odter  term  rejmeents  the  heat  which  disappears  in  perfo 
work,  intwnal  and  external,  fat  each  degree  of  rise  of  tpin|* 

The  oo-effloiontd  -j~  and         ^r  ,    repceeent    respectivdy 
^'         TT 

eocnplete  rates  of  variation  with  temperature  of  the  tfatrm 
Bik>  function  and  hntt-|>oteuti&l,  under  the  circunutanoes  of 
|«rticuUr  cose.  Witlt  i-e.Hf)ect  to  liqnida  and  solids,  it  is  i 
to  trj;ulato  art  iQciuUy  the  mode  of  variation  of  the  thcrmod^ 
IhVftion  to  an  extent  u])|iiveiabl6  in  practice  For  aubstuuM 
ihaw  states,  the  B}>[HUvut  specific  heat  increases  with  rise  of  tsU^ 
■gg«*ui*  at  a  rate  which  nt  slow,  but  which  appears,  as  thcoj' 
^r«akl  Icttd  us  to  expect,  to  bo  connected  with  the  rate  of  sx|mD- 
^f^l^  For  Bftsee,  the  mode  of  variation  of  the  tfaermodynunic 
^p(tk«  vitb  temperature  may  be  r^ulated  artificially  in  an  iiit» 
-  MSiUker,  so  as  to  vary  the  apparent  specific  heat  in  an  indo- 
jKMibfTT  of  ways.  It  is  ciiBtomaiy^  however,  to  restrict  tin 
^  *8pMUo  beat "  in  speaking  of  gases,  to  two  uarticahu-  ossni 
iVUdi  the  volume  is  nminlaincd  constant  during  the  vans' 
'  lN4Mrature,  and  that  in  which  the  pressure  is  m^in**'"*^ 
,w  ^Mincrly  explained  in  Article  310.  The  spedfiohai 
art  mhme,  is  expressed  aa  follows,  in  units  of  work  per 
^%irillt  deduced  fi-ou  tlio  expre^on  for  the  thermodyuauiK 
li*  ArtMe  24G,  equation  1  :— 


4^-K,  =  l,  +  ./' 


SEAL  AXD  APPARENT  SPECIPIC   HEAT  OP   OASES. 


.{2  a.) 


theoreticallj  perfect  gu, 

K,  =  fc. 

Bpecifio  heat  onder  eonetant  pr«wure,  (IwIuckJ  from  the  exprea- 
for  the  thermodynamic  function  in  Article  2^8,  cqnation  l, 
followB : — 


a  pct-fcotgas, 


dp. 


...(3.) 
.(3  a.) 


amply  the  r«U  specific  heat  increased  by  the  work  pcrformud 
unity  of  weight  of  the  gaa  in  undergoing,  at  any  constant  pivs- 
the  expanHion  corrtspon  Jiug  to  one  degree  of  rise  of  temiKira- 
'  ;  u  quantity  of  work  whtcli  lit  constant  for  a  given  perfect  gas 

oil  drcmnstanow.     The  quantities  ■-^— ^  and  j-^,  rcpivtwnt- 

;  the  do%'iation  of  the  laws  of  the  elaaticity  of  actual  gasea  from 

of  the  ideal  condition  of  perfect  gas,  are  so  emijl,  that  their 

on   apparent  specific  heat,   though  cnlculaMe,   fall  within 

prolmhle  limita  of  errors  of  obaervatiou  in  the  direct  cx(ieri- 

it«  hitherto  made  on  the  sperific  heat  of  the  more  common 

such  as  air  and  carhonic  actd.     Referring,  thercfure,  to  thfr 

papcra  already  cited  in  tlie  Trans,  of  Oi4  Htryal  Society  of 

yhy  vol  XX.,  for  computations  of  the  eflects  of  such  devia- 

H  will  be  miifficient  for  practical  purposes  to  ooDfiider  the 

ic  beats  of  ga«es  as  represented  by  the  fonmdie  2a  and  3a. 

specific  heats  of  gases,  as  expressed  in  the  cnstomaiy  way,  by 

ralioa  to  that  of  wat*?r,  are  found  by  dividing  the  quantitice 

these  formulK  by  Joule's  equivalent  (J),  and  may  be  thus  ex- 


4 


K. 
J 


.(*■) 


iples  of  specific  heat,  stated  in  both  ways,  are  given  in  Table 

.,  at  the  end  of  the  volume.     Bi^fciro  the  period  of  If.  Kegnanlfa 

zrimc-iits  on  a  great  variety  ef  gases  and  vapours,  published  in 

!  Coinptea  ffifruiuji  for  !  SC>3,  no  trustworthy  direct  experimental 

liutttion  of  the  wpecilic  heat  of  any  gas  or  vapour  existed,  ex* 

Jpt  an  approximate  detemii nation  by  Mr.  Jonic,  made  in  1853, 

bo  specific  heat  of  air  ;  for  the  result*)  formerly  relied  upon  hav* 

Vctn  shown  to  be  erroneous.      In  one  of  the  papers  referred  to  ia.1 

the  preceding  Article,  however  (^c/rH^utv/A  TraniactitmMj  ISoO) 


I 
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djruunical  f|>edfie  hmta  of  air  had  been  compntod  &om  Uu  lb1 
ing  tkta : — 

Pf  1^  fruia  M.  Regiutilt'g  experimentB  26:214  foot-ponada.    r^ 
493">S  Fabr«nheiU 

.-.  E,  —  E,  s^L*"  e  53-15  foo^paanOa  per  degree  of  Fi 

lieit ;  being  the  energy  exerted  hj  odo  pound  of  air  in  tuii]< 
■t  a  ooautHut  pRasure,  the  expansion  ooirespondio';  to  one 
of  rise  of  temperature^  and  the  mechanical  cquivulcQt  of  Iku 
heat  of  eacpaPBon  of  the  air  under  those  cinnimstanoea, 
(as  atated  m  Article  213)  is  0-069  of  a  British  Uiczmsl  ndt, 

y  m   ^^  as  deduced  fmm  the  velocity  of  sound  in  air,  nK^unx^i 

in  the  paper  refernDd  to  as  approximately  a  1*4 ;  bnfe  a  more  enci 
value  is  1*408.     Contieqnently, 

K,  =  ^  .  ^  -  l^l  =  130-3  foot-pounds  per 
uf  Fahrenheit 

v^P^.^-y        =  S315  .  ^  =l30-3  +  5315=183 
^         To       y  —  I  0"40o 

fiot-poundii  |ier  decree  of  Fahrenheit.     Hence  is  deduced  the 

Itiwinf;  ratio  of  tlie  specific  heat  of  air  luider  constant  pceasan 

tliat  of  if-ater, 

K,        183-45  -._„. 

"—  J    =-^72-=  *'^''" 

L  aooording  to  M.  Kegnault's  experiments,  puMislied  )  . 

^     Id  1863, /  **'^^'% 

Difference^ ^X^W- 

•  ^  IW  c«kabti«  poMUlMdlB  1850,  ywmmmm>adi=^  1-4,  aoAc,  wuMi- 
^^  m  £=  ^'^*  i  ^^  ^^  GHlcnLitlan  Jtst  gtne  bdog  fiwoded  on  ■  man  aoesM* 
^?l^^ha(aKiiMti>bipnAcired«  t  iMtodbari^muDkal  thcotyof  hsL  Ik 
^^  IlcnT-"*  deMninalMD  in  1653  wh  0-28.  Acoordii^;  to  thi  djvmie^ 
^^m,  1^  splMnot  •F*dfic  beat  of  a  gaj  uider  cooBUut  preasura  m  tauA^f 
—  MtM  MWiwi  <n>d  tanMrafiire*,  if  tb«  ru  la  Dearif  jisAcL  Aownlbf 
- ,  tf  wiblHafia/  eaiorie,  that  rpcrific  bcai  dimifuAm  ai  tA«  pram* 
^„^  to  a  tow  wbkb  b  staled  in  BMO^r  tnatiseB  oo  |Jijd«,  ■*«  of  tb> 
^0ihHeM>()>>dMd,Meoafld«itl]rMiritinn«Bobivndbcl>  Tlii 

*     I «  .jiwi  t«tnpa«tan»  ftotn— SS'  Falir.  np  to  4S7>-  Fahr.,  aod  il 

tf  t«B  (n>aJlilUtt''l''**'*'>  '"^  foond  to  be  •ourlblT'  dw  Moi 

•expcrimmu  cnids  "  oobcImJw  •fila' 
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IvmtlHC  and  C«oI1b«  of  0«i*c«  mmd  Vapour*  by  c:«npm«loa 

aitos— If  a  siilistaQoe  wholly  or  |}arti4LUy  ia  the  state  of 
ir  rapnnr  be  eacloaed  in  a  resBel  vhich  does  not  coaduct  anjr ' 
Btaahle  amoaut  of  heat  to  or  from  tUu  Huhotaiicu,  then  the  coiu- 
kui  ftud  expansion  of  the  siibstjuice  tlimngh  variutious  of  the 
EDQ  of  the  vessufl  wIU  produce  rtsiicctivtly  heating  and  ci>oIing, 
■din^  to  s  law  expri'-^sed  by  tlio  condition,  that  tbu  tJiermo- 
mUe  function  is  caiietarU. 

w  iaflowittg  equations  contjun  two  modes  of  exprosuug  this 
[tioD,  deduced  from  the  expreasioiu  in  Articles  246  and  248 
lively: — 

■j-^rfv   a    COUBtOUtj (I.) 

\P  dp 


,    dp  =  oonBtant.,...(S.) 

0  a  T 


|k  +  ^)  hyp  log. -j 

of  thow  in  the  equation  of  an  aditUxUic  curvt. 
foct  gas,  we  have 

4^  =  ^-;  aftdli:=^^; (3.) 

dr         Tetf  dr         Tflp'  ^' 

p,  Cj  correspond  to  one  giwn  ahmtlute  tArapemtiire  Tj, 
ii>  another  given  abwlute  teiu|ieraturo  *■, ;  tlivn  for  a  per- 
~or  a  gB8  Bensibly  ]>erfect, 


—  1 


log  ft 


....(4.) 


log   ^=(y_l)|og^  = 
I  s 

qnationa  give,  for  the  htw  of  cxpnnfiinn  of  a  pcrffot  gaK, 
receiving  or  emitting  heat,  the  following  relutiuu  hetwci-n 
and  the  volume, 


poc  — , 


.(6.) 


is  the  siTDplest  form  of  the  equation  of  an  aili&batic  curve 
foot  gaa  The  values  of  the  several  exponents  in  equutjomi 
for  AIB  are, 

I  Ibri,"  On  hypolb«U  of  caloric     Tlioae  eaqwriiatnU  ibc  nflbrd  cvidwce 
ithBMaleudliaalr  iboinooMUrniuilily  agraes  wiili  itiat  □^■bioliua 
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For  STEAX  ia  Uie  perfectly  gaseous  sUte,  taking  (m^^  Ai 
202,  Mtiiatiuu  4),  ^  t^  =  43r4l,  and  Booording  to  M.  ~ 
experiineuU,K,=  773x  0-48  =  371,  we  find. 


7=1-3;  7—1=0-3; 
1      _    ,.  _» . 


I  r— 1 

^  =  077:  —^==0-13. 


In  the  exp<Ti merits  of  MM.  Him  and  Cazin,  the  vahifr 
—  I  mnged  from  4-23  to  4-17.  {AnTiaiM  <U  Ckimia,  1867.  vd 
Thew!  vnluefs  liowev<T,  are  not  ao  cL-rtain  aa  thoao  of  thp  « 
Rponding  quantitiea  for  air.  From  wjuatjoD  1  in  eaaily  dtiluoiH] 
law  tif  tlie  viiriatioD  of  the  pn^faniro  with  the  voluruo  of  any  fl 
whether  perfectly  gaaeoaH  ur  not,  ondosed  in  a  non-condna 
VfWifl,  vii.  ; — t/te  TtUf.  of  varitU'um  qf  th«  presamt  triVA  the  vU 
vthtn  thajluid  M  endcted  \n  a  TKm-eondueHi^  wne^  eaxeeds  th» 
of  variation  v^ten  the  tcmjKratutv  w  amttaiU,  in  tia  raiio  q/ 
af^nrmi  tpeciHc  fttat  o/UujJluid  at  eorulant pmsure  to  ilt  afjpa 
jpwi/fo  heal  ai  constanl  volume : — a  law  axpreaed  BymbolicaU; 
follows  1 — 

ii^  = "  y  ^'     .        a 


TziAcrnr  or  socm  is  qubl 
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perfect  gu  this  bocomefi, 
dp 


=  -  y    —* 


jDation  S  also  shows.  The  cooling  of  air  by  expanrion  lias 
.applied  to  practical  piirpoaea  by  Dr.  Gorrie,  Professor  Piazzi 
tb,  Mr.  Kirk,  uud  othi-r  itivoutore. 

(2.  T«iM-iir  •(  Mouad  In  Giwr*.' — Tlifl  TelocitjT  of  sound  in  any 
'  is  irell  known  to  be  equal  to  that  acquired  by  a  heavy  body 

J  throu^  one-half  of  the  lieif^ht  wiiich  rei»reaents  the  varia- 
tof  tiie  prosmre  of  the  fluid  with  its  dcitinty  during  a  midden 

of  deutdty.  Tliat  is  to  say,  let  a  bo  tho  velocity  of  sound 
second,  g  the  arcelerating  forcff  of  |;ravity  in  a  second 
per  second,  D  the  weight  erf"  one  cubic  foot  of  the  fiuid 

ids  =      .  and  p  it«  clastic  prcs&nre  in  pounds  per  square 

then 


=v 


dp 


.(1.) 


ag  the  transmission  of  a  wave  of  sound,  the  compression  and 

Doo  of  the  particles  of  a  fluid  take  place  so  rapidly,  that  tliero 

time  for  any  apjirccialiW  transmiasioD  of  bent  betvoen  dif* 

ticles,t  and  the  variations  of  the  pretwuro  and  density  are 

to  each  Mtlu.*r  a^  tbcy  would  be  in  a  oou-cuuductlng  vessel; 

:)uently,  if  A  repreflenti'  the  ntte  of  variation  of  preasure  with 

'  at  a  constant  temperature,  then  it  follows  frvui  the  princijde 

6,  Art  251,  that  t^  =  y  A,  and 


a=  j  jyh. 


(2) 


oqnation  vuf  proved  long  ago  by  L^lace  and  Poisson,  for 
.  gUBe,  ibr  which 


Pf=^ 


.(3.) 


[H  is  true,  as  we  have  scon,  for  all  fluids  whatioever. 

>lying  the  formula  to  air,  considered  as  a  senwbly  perfect  ga^ 
I  the  following  data : — 

itlMMnindfl  are  eappomtA  tobeof  modeFaUirlm'ilj,  so  that  thctv  is 
_  I  HBdentka  at  the  kcoikI  duo  to  Um  oum  invmigatnJ.  bj  Mr.  £umluwi 

)k«Ucfa  m  /Voc  Him.  Hoc^  18&fi. 
t  T»nd  \>j  Prol  G.  G.  Suiko. 
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The  foUowine  u  foand  to  be  the  Tclocdtjr  of  mund  in   {«■ 
pure  dry  air  at  the  tompcraluro  of  melting  ieo, ic 

The  Telocitj  by  experiment  ia — 

Aooording  to  MM.  }Iravaijt  and  Martins, i< 

Aoconliiig  to  MM.  Moll  and  Yaa  Beelc,  k 

Kxpenmenut  rtn  the  velocity  of  sound  serve  to  detenaine  Uw 
of  the  specific  heata  of  a  gas  at  constant  presaure  and  at  < 
voluma  ifor  oxygen,  hydrogen,  and  earbonio  oxide, 
sibly  the  eame  as  for  air;  for  oarbouic  ooid,  conaidenhly 
(EdtTihurgh  TrantaeHotiBt  toI.  xx.) 

253.    rr««  BxpaaalMi  mt  Om^em  mad  TspMr*. — Wheo  the 
flion  of  a  gim  takes  effect,  not  by  culsi^ing  the  Teasel  in  wl 
IB  oontoined,  and  no  p(>rforniing  work  on  external  bodieo, 
propelling  the  gas  itself  &om  a  space  in  which  it  is  at  a 
pressure  p^  into  a  space  in  which  it  is  at  a  lower  preasore , 
portiou  uf  eud^  represented  by 


/ 


ft 


is  employed  wholly  in  agitating  the  portirli^  nf  the  gas;  and 
the  agittttion  so  produced  bos  entirely  sulxuiled  through  the 
friction  of  thoKe  parttetes,  an  equivalent  quantity  of  lieatist' 
wliich  neutralizes  the  previous  cooling,  wholly  if  the  gas 
p^ially  if  it  is  im|>erfcct    The  equation  re]tftsenting  the 
this  process  is  the  following  : — 

p  r<29  =T  j^^dp IL)^ 

In  this  eqtiation,  let  the  themodynamio  ftmotion  be  ezpreoBij 
temiH  uf  the  temperature  and  preaann,  as  iu  Article  34$,  and  M|^ 
be  pnt  for  its  own  valoe,  aooording  to  Ardde  250,  eqt 
tiieu  wu  have 

/>'^'=/::(4:-)^' 

This  quantity  represents  the  amount  whereby  the  heat  re| 
by  friction  &lla  shoi-t  of  that  which  disappears  during  too 
sion,  and  for  a  {ierfect  gas  'm  null.     The  phenomenon  here  ii 
tion  was  first  employed  by  Air.  Joule,  and  Frc^essor  William 
eon,  jointly,  to  determine  cxpeiimeu tally  the  relation  betweesj 
absolute  scale  of  tenipwrature,   and  that  of  the  air  tbermoi 
vhioh  luul  previo    '  '  to  a  considerable  extent  a 
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e  and  kypotheaia.  In  such  experiments  tho  variation  of 
lire  wliich  takes  place  is  vety  small,  beucu  vu  may  put 

mean  of  r^  and  ^p  and 

*'  =  'i  — 'j 

at  cooling  effect  Lot  T  mpraaent  temp«ratnre  measured 
r  tbennomctcr  on  the  orcUnaty  scale,  and  k  tho  dyaauical 
icat  of  the  gas  undor  conntant  nreasure  as  referred  to  thin 
ich  in  formed  by  uiiilliplyiii>,'  tue  sjwciiic  huat  aa  given  by 
ault,  by  Joide'g  eqiiivaient.  I^et  the  absolute  temjiera- 
regarded  as  a  fuuctiou  of  T, 

nn  u  to  be  aaoertained.    Then  for  equation  3  we  may  put 

i*-=(;-s-/^-o/:-^ <*•) 

Iterunent^  on  oooling  by  free  expaninon,  gives  a  ralue  of  the 
jffect  A  T,  corresponding  to  a  particnlai-  pair  of  pressures 
The  relationg  between  p,  v,  and  T,  are  given  by  formulae, 
on  M.  liegnault's  oxperiuionta  on  the  elasticity  of  giuws, 
idy  exemplified  in  Articlti  '202,  equatioua  3  and  3.  Couh;- 
bma  each  experiment  on  free  expoufuon,  there  can  be  cal- 

Uie  value  of  yt^x   =  — -.  5*— »  for  a  |iarticular  tempe- 

on  the  air  thermometer.  Thia  function,  when  multiplied  by 
quivalcut,  in  called  "  Camot's  Function,"  being  a  umction 
Comot  jNiiiited  otit  the  existence,  but  failed,  from  reasons 
liu)  historical  sketch,  to  discover  tlie  form.  Thutte  ex]>en- 
Q  &ee  expansion,  so  far  as  they  have  yi'-t  been  cmiied 
been  made  on  air  and  carbonic  acid),  indicate,  thnt  the 
eero  of  heat  does  not  appreciably  differ  fnjm  that  of 
Iteasioo,  and  that  the  scale  of  abiKtlutc  tcmpcruturo  scu- 
Dcidea  with  tliat  of  the  perfect  gus  tlu'r  mo  meter.  {Phil. 
1854.)  This  fact  baxing  been  establielied,  cx}KTimeuls  va. 
,UBion  become  an  easy  and  accurate  mcann  of  lisritriaitiing 
ous  between  the  preesnreB,  temporatnrea,  and  denaiti"' 
lastic  duida     Jilxperiaj&nts  on  the  free  expaumou  ot  t 


I 


h»ve  txwn  mafle  bj  Mr-  0.  W.  Siemene,  Kiid  ibow  (u  thwnf  I 
ns  to  rxpcTt),  tlwt  steam,  mfter  liaviog  Iwan  fireeljr 
ffttparAdfiUec^,  or  above  the  teiu[ieniture  of  aattmiiou 

S94.  Vi*w  •<■  Claw  —The  principles  of  tlie  flow  of  a 
through  an  aritife,  as  rtp<liicp<i  from  the  laws  of  tl 
f  vere  investisaicd  in.  1656  hy  Momra.  Tkomaoa  aod  Jfialc(«cej 
,£o^.  Soe.,  Mmj,  1856),  and  hy  Prof«ssor  Julius  WeiUnch  [C 

r,  1856).     The  domoDstratton  of  those  principlea  is 
[J  Mammal  f^f  Applied  Mw/umics,  Articles  637.  637  jl 
ipurpoaee  of  the  preBent  treatioe,  it  is  imnecemuj  to  give : 
'tiiareooHa. 

Let  the  pressure,  deuni^,  and  ahsolnte  tompewtore  of  i 

Vitlua  a  tobkI  be  ;>i,  - ,  t^,  and  without  the  ronel,  p^  -,  »,, 

Lot  O  be  the  area  of  an  orifico  Uirongh  which  the  gaa 
ftnm  the  veasel; 

k;  a  co-^^cient  of  oorUracthn,  or  oi  ^ux,  so  that  the  {^eefini 
of  the  orifice  is  ^  O ; 

V,  the  maximum  velocity  which  the  particles  of  thegiii 
in  PRORping,  when  there  is  no  friction; 

W,  the  weight  of  the  gas  which  escapes  in  a  second ;  tbai| 

w.^-^=k0V'-^^'('^)l w 

The  Talne  of  the  oo-cfficiont  of  elBux  k  has  been  found 
nentally  hy  ProfiHsor  Weishach,  for  air  with  various 
outlet,  with  the  following  results : — 

Conoidal  mouthpieces,  of  the  form  of  the  cftn- 1  4 

tnurtcd  veiu,  with  effective  jircssures  of  from  }-o*9y  toi 

•23  to  M  atmosphere, , ) 

Circular  orifices  iu  tliin  plates^ „ 0*55  to 

Short  cylindrical  mouthpiocefl, 073  too^t 

The  RAme,  rounded  at  the  inner  end, D-93  to  0*93 

Conical   conver^ng  month |>iece9,  the  angle  of)         - 
convergence  about  7"^  9',  .•- j  ogow    , 

For  values  of  y,  he,  aee  page  320.    As  to  the  outflow  of  1 
■tasm,  see  page  29B, 

The  principles  of  the  flow  of  liquids  may  be  applied  wit 
eeuaible  error,  to  gases  made  to  tlow  by  small  differences  of 
mire,  ns  in  the  ease  oCJ|^HHbt  of  chinmeys,  Article  233. 
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IhMtm  Wau  w  BnirArDtion. — It  IS  known  hy  experiment, 
preagiire  under  vhich  a  duid  boUa  at  a  given  t«m|>eniturc 
(being  tlie  least  preasnre  under  which  it  can  exi&t  in  the  liquid 
state,  and  the  greatest  under  which  it  can  exist  in  the  gaseous 
state,  at  tbv  jiivvo.  iempentun)),  ia  a  function  of  the  temperature 
only  (t*G  Article  206,  Division  III.,  pag^  237,  and  Tables  IV.,  Y., 
and  VI.,  at  the  imd  of  the  volume).  Lut  v  bo  the  volume  occupied 
"by  OD8  pound  of  a  Buid,  when  in  the  liquid  ittmte,  at  tho  ahiKilutt! 
tamperaturu  t,  and  under  the  corresipondiug  ])ressare  of  ebullltiuu  p, 
*,  V  the  volume  of  the  same  weight  when  iti  the  Rtate  of  saturatnl 
at  the  same  presBore  and  temperatura  Then  on  a]>ptyiiig 
itioD  3,  of  Article  246,  to  this  caae,  we  find  that  because  the 
iporaturo  is  constant,  the  first  term  issO,  and  beniuBC  the 

is  constant,  the  factor  r    -^  of  the  second  term  is  constant ; 
a  T 


{hat  the  integral  is 


H-T^(„-^. 


.(1.) 


pch  is  the  value  in  units  of  work  of  the  heat  which  disappears  iu 
irutiug  one  pcuud  of  the  fluid  ut  the  given  tciupemtui-e.    Now 

the  weight  of  fluid  evaporated  to  be -^ ;  that  ia  to  aay, 

so  much  of  the  fluid,  that  ita  inoreode  of  bulk  iu  the  act  of  ovapor- 
is  one  cubic  foot;  then 

L  = 

be  the  lai^ii  keal  of  evaparation  in  /oot-lbn.  per  euhic  /oot  oj 

This  law   enables  us  to   compute   the  quantity  of  heat 

ided  in  propelling  a  pinton  through  a  given  space,  by  means 

given  vapour  at  f\dl  j/rAsgiin  and  at  any  tempci-ature,  simply 

the  relatiou  between  the  teui|iemturu  and  the  pretonire  of 

licion,  and  without  knowing  tlm  denHity  of  the  vajitiur.     The 

of  increase  of  the  pressure  of  ebullition  with  the  t«;mperatare, 

may  be  computed  either  fi*om  a  t^ible  uf  such  prebsures  for  the 

in  question  (such  ns  those  given  by  M.  Regnault  in  the 
n'rw  and  t'twtptea  Kendua  of  the  Auidemy  of  Sciences),  or 
fonnu]»>  of  Che  following  foi-ni,  deduced  fiom  that  given  iu 
le  206,  Division  IIL  :— 

^  =  '  i^  =  P  (^  ■"  ^i^  '•y'*  ^^'S  *^ <^> 

(l.)P  log  10  =  2-3026  nearly). 
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Fit  tlie  Tklnos  of  B  an<)  C  for  rrrtain  fluJdf,  tee  the  tftbk  ia| 
337.    pU  of  oourae  tu  b»  compatnl  in  lbs.  on  the  tjuanfioL 

This  «VB  tliF  fomrala  cmplimd  in  oomputiiig  tlw  mtniDen  i 
flolnmna  U-n>lrfi  L  in  Table*  IV.  and  V.  at  tbe  ettd  of  Uie 

354.  Cmmp«uui«n  «r  tw  oiiig  «r  tm"w>  *«■  i<M  l 
— Ai  hu  been  atnced  in  Artide  30$,  and  in  Article  S06, 
ITL,  Ur  dcBjitiei  of  Ta|)Oun  are  bnt  imperfrctljr  known 
fxpcritTK^L     Hie  denn^  of  a  Tapovr  at  aatttration  at  a 
t<;io{>cjature  may  be  «oanptited  indinetly  in  the  foUowioc 
nf-r : — I^'t  L  b^,  aa  above,  tbe  latent  beat  per  caUc  fioot,  aiuf  1 
latent  ht«t  nrr  txinnd  of  tlie  fiuid,  aaoertained  by  exneruiui&t 
aa  tliane  «f  M.  Begnaolt  on  vat«r,  and  of  Dr.  Anaiwf  oa 
flnide).    Then 

*'^-X <^^i 

h  the  increaae  of  Tolume  of  one  pound  of  ihe  flniH  in  «T«p 
from  which  the  dcnaitj  of  the  vapour  la  eaaily  calcnUted. 
denatien,  thu*  computed,  of  the  Taponn  of  lethrr  and  siUphi 
I  carbon,  at  their  boiUog  points  under  the  mean  atmoephmc  ] 
(2116-3  lb.  per  «qitar<>  f»»ot)  agree  aln>o«t  exactljr  vith  tho 
put«d  frvm  the  chcoiical  comnoeitwu  ci  tboae  vapoitrs,  «a[ 
them  tA  be  perfectly  gaaoons.  Tho  di*iutities  of  Uie  vapotus  of 
and  alcohol  as  computed  from  their  Uti-nt  hei^  of  erapoiatkej 
are  greater  than  those  oorreBpuuding  to  the  perfectly  gaaeoos  sUlh 
For  Bteam  at  low  preaanrea  uie  diflferenoe  ia  trifling,  but  incnaM 
xapidly  as  the  prewnra  inocaaea.     {Proc  Roy.  Soc  £dm.,  18S9i) 


Example. — 


p  =  2116*3  (one  atmoepbere). 


Boiling  pointA  (ordinaiy  seale)^ 
AVeigbt  of  one  cabic  foot  of 


uBibv.  Piw^ph-ofCMfeoo.    W 
95"  IM*^  313 


j 


i 


vapour — 

Calculated  from  Utent  beat,...  0-1853  IK  ot829lU  O'OSJpolh 
Calculated  as  perfect  sas  from  )        „  , 

chemical  oompoaition, \  ^'^S*        01830        003679 

Differences, 0-0003        o-oooi         cooiti 

Tile  quantities,  in  the  colubin  lieaJed  D,  in  Table  IV.,  an  Ik 

\Tiluesof^--T^  as  calculated   by  this  method.      They  agiea  « 

neariy  wiUi  the  ralnea  of  -  that  the  difference,  though  cqmUe  « 
Ufing  computi^d,  is  uninu^staBl  in  p»ctice.     In  Table  VL,  tfc 
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nUnes  of  V  axe  given  in  the  column  hcadcU  V.     (Sco  tLu  rcmarlu 
m  tiiow  tables  at  the  foot  of  page  ^31,  and  top  of  pago  2'6^.) 

257.  TMai  Bfrnt  •T Kni^oraitoa. — The  total  Wt  of  v^-apordtion  of 
xnity  of  weight  of  a  &md,/rom  one  t<^mpomture,  al  another  tompe- 
rmture,  is  the  quantity  of  heat  reqnired  to  mse  the  tempeniturv  of 
unity  of  weight  of  the  fluid  from  the  first  temperature  to  the  aeoond, 
ind  then  to  evaporate  it  at  the  second  temperature.  Some  tizod 
MfnpcrHtun;,  such  as  that  of  melting  ioe,  is  usually  taken  for  the 
irvt  tcmperatura  It  ia  deducible  from  equation  3,  of  Art.  248, 
hmit  tho  total  heat  of  cTapomti<m  of  one  pound  of  a  fluid,  wbote 
irmponr  is  sensibly  a  perfect  gas,  and  very  bulky  as  compared  with 
th«  liquid,yn»n  v^  at  r^,  is  nensibly  eqoal  to 

H,  +  K,  (^1- V,) (1.) 

[n  vhich  Hq  is  latent  heat  of  e\'aporation,  in  foot-pound^  of  the 
hdd  at  the  temperature  ^q,  and  K,  is  the  dynamical  qpooific  heat 
rfifia  gas  under  con.-ttant  premure.  This  equation  in  demonstrated 
mtt.  ■  different  process  in  the  Edinburgh  Transaetiont  for  1850, 
|k  XX.  The  demonstration  of  a  principle  which  inchides  it  will 
^|Wvra  in  tho  next  Article.  Steam  is  not  a  perfect  gus  ;  and  its 
E^  heat  of  evaporation,  as  asoertalDed  by  experiment,  is  expi-eesed 
Bs  foot-pounds,  by  multiplying  equation  2  of  Article  2i5,  by  Joule's 
bqni^'alt'ut,  as  foUova  : — 

I  H^,  +  a(*t-*<,)j (2.) 

■n  wlik-h  a  is  a  certain  constant,  lean  than  tho  specific  heat  under 
Ioou8t.itit  ravafnirc,  K^  According  to  M.  Regnaiilt'n  experimental 
■Let  *o  ^  ^^  absolute  temperature  of  melting  ice;  then 

L  H,  =  842372  pounds 

^L  a    =  233  foot-pounds  per  degree  o£  Fuhrouheit.* 

^^pB  hy  means  of  equation  2,  that  tho  quantities  in  the  column 

■BMdcd  Hj  in  Tabla  VX^  at  the  end  of  the  volume,  were  com- 

koted. 

r  258.  Total  neat  of  GuHiCTiiUn.^The  law  of  the  total  beat  of 

Igiuefication  has  be«n  already  stated  in  Article  21.^  n  (or  210,  as  it 

Kngbt  to  have  been  numbered).     It  may  he  demo ust rated,  either 

mbf  the  aid  of  tlio  form  of  tlie  thenno<iynamic  fimction  given  ia 

LArticle  248,  or  by  a  direct  process. 

I     The^irrt  rtulhod  of  demonstration  is  as  follows  :~— 

I  *  Thv  (am  of  eqaalkn  X  vn  bjrpoUietkaUjr  «iitid|Ml«d  b;  Um  Uw  Sir  SoLu 
IXiibbock  ta  18i0. 


av  oTBzi  BEIT  cracm. 


(fe*  itale  of  perfect  fH. 
'  ao  lov,  thftt  tJw  SAtarmted  Ttftm  i 
k  ps  at  Ifaai  Mtaperaturfc     ~ ' 
MSr  Fahr.1 
■am  (o  whka  the  saliBtAiiM  iij 


Lei  T,  In  •  ta^Mrtm  m  Ugk,  that  Kt  tiut  tempenture, 
^lAr  tki  !■«■■■* ^  tfcflnbitnKS  batiu^uLly  a  perf<cl  gu; 

Lat  (fe  ihataacB,  fcgr  MauBvnicBtidg  bait  to  il^  Iw  ~ 
m  BoiiditM—  of  gnat  tAwn^,  wbetber  in  the  liquid  or  aoUd 
T^  to  Ike  f^fccdy  paeow  oondition  at  T| :  under  tiie 

Tlw  wwBsatlM  diaar  oooditkii  must  be  auppoeed  to  be 
jtwrlitilt,  ■hm  ccfaawj  with  tliat  in  the  gaseous  oaniliUaa. 

Tka  thKnodjaaaie  fimetion,  as  givm  in  Article  S48,  in  term 
tlhe  afaaolote  lenpacttwv  and  the  preawre  as  independcut  Tui*M 


p  dp 


♦-Kpbypkgr-J    ^dp 


-a) 


The  beat  abioriwd  hj  tbo  aahataDoe,  daring  any  indeSoH 
naU  change  of  ten^entnre  d  r  and  of  preaBure  dp,  is 


i^H  =  *d 


•=<: 


rf»+ 


(/« 


t'^O 


.^) 


In  the  piVAent  caae,  the  preasure  is  oonstant;  and  therefore  itir 
I       term  in  which  dpi»  »  factor,  vKnishesj  and  the  iQt^;nitioti  U«  b« 


d9 


"■=/:'^'=/>s^ 


rp  din 


=K,(.-,,-/-j;-..,. 

Now,  because  the  subatauce,  when  at  the  higher  limit  of 

ture  T„  is  sensibly  a  perfect  gas,  the  co^fficient-r^  at  that  i 

latura  is  sensiljlv  —  0.     Therefore  the  value  of  Uie  aeoond 
the  above  formula  doe«  not  sensibly  vjiry  with  the  higher  Umpw*' 
two  T„  and  is  aensibly  the  same  as  if  »,  were  =  r^     Nov  in  '  ' 
case  we  ahould  Lave 


TOTAL   HEAT   OW  QASEnCATlOS. 
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fcang  tlie  UUmt  heat  of  emponUion  (in  footrponndeV  of  one 

(rf  tlie  ftubstanoe  at  the  t«?niperature  rj,;  so  Uiat,  for  cqi 
S,  may  be  eubstituted  tJie  following: — 

*=jX+J<v(Tx-t^ (1] 


is  the  law  formerly  stated,  when  applied  to  qnautitieB 

exprewed  in  foot-pounds. 

Tbib  tecond  tiutkod  o(  d«iQonstrutiou  is  as  follows  :— 
III  fig.  96,  as  usual,  let  ab-     ^  ^ 

[uirallel  to  O  X  repro-  \ 

.  tixK  voluuiea  in  cul»ic  foct   aI \.i 

led  by  one  pound  of  the 

iQce  in  queKtion,  vhcn 

the  gaseouH  state  (its  vo- 

(iu  the  liquid  state  being 

as     inappreciable 

compared  with  its  vo- 

I  in  the  gaseous  state), 

ordiuAtcs,  parallel  to  O  Y,   its  preasuros  in  pounds  on  the' 

u>e  foot     I^'t  T  T   be   the  uothernuU  curve   for   the    \-Aponr 

igiven  absolute  temperature  ?j,  which.,  as  the  vapour  ia  pcrteotLy 

is  a  common  hy|K:irbola,  the  rectauglce  of  its  oo-ordinates, 

as  AB  X'B'E,    DC  x  CT^  being  equal  for  every   point 

Mpreeented  ^mbolioally  by 


Vig.  n. 


pv^ffif=^PtV^ 


^  constant 


where  |)=BE;  r  =  A  B;  i/^CTF;  T>'=0Tr. 

Tj*t  H,  H'  denote  the  vnlnes  of  the  total  heat  of  gnsefication' 
I     r  the  pressures  p,  j/  respectively,  for  the  same  limits  of  tem- 

^j-^rwture,  »fl.  T,. 
Then,  Fikst,  The  total  heai  of  gaaijieatitm  i*  independetd  cf  the 
ftmurt:  that  is,  H'  =  H. 
This  is  proved  as  follows.     Let  the  substance  undergo  the  fol 
lowing  cycle  of  oi»emti(jiis  ; — 
l  Ga^6cation  from  *q  to  r„  under  the  pressure  |).     In  thisi 

The  heat  absorbed  is H 

The  energy  exerted  by  the  fluid  on  a  piston pv 

IL  Expansion  at  the  constant  temperature 
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0  to  the  volame  v*.     In  this  oue,  as  the  eulMstanoe  n 
gaanotin,  the  beat  abeorbett  and  the  enKrgj  exerted  on  a  putoa  i 
«iic4  tfft^tn  rcpreaented  hj  the  area 

III.  Condensation  froni  wu  and  cooling  to  t^  under  the 
p'.     In  this  case, 

ThohetXgiven  out  is ..W 

Th»  energy  exeriod  by  tha  pinUm  on  the  Jltnd .j/i^. 

Reuce,  the  heat  which  diaappean  daring  the  cjcle  of  operatic 
H  +  |prf«  — ff. 
The  rcsoltant  or  eSectiTe  energy  exerted  by  the  gas  on  the 

=  axeik  A  BCD  =  [vdp=  fpdv. 

And  hy  Uie  First  Law  of  Thennodynamics,  thoae  quantities 
equal;  therefore, 

H  — ^  =  0;  otH'=H; „. 

— Q.ED. 

SBinoHm.T,  lift  ITg  hn  tlie  Intent  heat  of  cvapomtion  at  a 
peratupo  T^,  at  which  the  HBtiirat<'d  vaiwnr  is  Bcosibly  a  pcrfprt  | 
and  ir^  Uh!  tntal  heat  of  gasetication  at  any  higher  tem{>cTat 
under  any  eonxtant  pressure.  SuMMWC  the  gas  to  be  fii'iit  prodi 
^  evnpomtion  at  T^,  and  then  rfti«<>d  undnr  a  con.tiAiit  pre«ar«w 
T, ;  Uiu  expenditure  of  heat,  in  ffflit-jmundH,  pur  pound  of  gas,  *iD 
bo  independent  of  the  presaitre,  and  will  be 

as  before  proved.— Q.  E.  D. 

Tftkiug  for  Tg  the  tcmpratnre  of  melting  ice,  we  haTe,  for  it«»ni 
*»  the  pMfectly  gaseous  condition,  or  Stkaji-GaS, 


Ho  =  842872  foot-|»ounds, 
0-48  X  772  =  -171  foot-pouiida  per  decree  of 
Falkrenhoit  aViove  32^, 
H  =  842872  +  371  (T— 32"). 


m 


^l<>  r>nuul«i       *9  been  calculated  the  nuuibeis  in 
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beaded  H,  in  &  Table  of  the  Kltuaicify  and  Total  Heat  of 
^ound  of  Steam-Gas,  which   vill  be  given  in  a  Bulsequent 


.  jMttmt  B«ai  or  FsfllMh — When  freenng  and  melting  am 
ipanied  by  a  change  of  volume,  tbo  UitetU  hUat  of  fusion  is  snb- 
<  to  a  law  analogous  to  timt  givf^n  In  Article  255  for  the  latent 
t  of  ev»iK>ntiou,  viz..  let  v  be  the  volume  of  unity  of  weight  of 
[cobstanoe  in  the  liquid  state,  v"  the  volume  in  the  solid  state, 

absolute  temporaturo  of  fusion,  and  -^  the  reciprocal  of  tlie 

I  at  which  that  temperature  rariea  witli  tlie  external  pressure 
which  funon  takes  place ;  then  the  latent  heat  of  fusion,  in 
I  of  work,  is 


H 


dp. 
=  »    .  -      ft?  —  i' 


d  T 


.(I.) 


ben  the  latent  heat  and  temperature  of  fusion,  and  the  alteration 
;  volume  v  —  i/,  are  known  by  experiment  for  a  given  mibBtanoe, 
I  alteration  of  the  temperature  of  fusion  by  prossuro  may  bo  com- 
*  hy  the  following  formula  : — 


dr         T  (r  —  V) 
?^  = — H 


.(2.) 


the  btdk  of  the  substtnice  in  the  solid  state  exceeds  that  in 
liquid  state  (as  is  the  case  for  water,  antimony,  cost  iron,  and 

ling  to  Mr.  Knmnyth,  for  many  other  substances),  then  -j^ 

ktire:  thatis,  the  temperature  of  fusion  is  lowered  by  pressure; 
oiplc  first  pointed  out  by  Mr.  James  Thomson,  as  a  conse- 
8ncB  of  Camot's  theory  {Kdinfmrgh  I'ranmctiotia,  vol  xvi)    For 
'  we  have  the  following  data: — 

V  =  0-016    cubic  foot  per  pound, 

»'=  0-0174 

T  =  493--2  Fahr. 

H=  142  X  772  =  109G24  foot-pounds ; 


aently,  —  ~  =  0 -0000063  Fahronhcit,  being  the  amount 

■y  which  the  melting  point  of  ioc  is  lowered  for  ench  pound  of  pree- 
•Dreonthe  square  foot    An  rtim<M;)/ie«  of  prpAsurolwiDgi.llGlbs 
square  foot,  we  have,  for  the  lowering  of  the  melting  poir* 
of  pressure, 


I 


333  ffnujt  Axv  othsb  mux  Kxoma 

2116  «   f—^\-  0*-0133  Fobrenbeit» 
•  ncalt  rerified  by  ibe  expeiimenta  of  rrofoaaor  William  The 
Secnov  3. — EJiciemty  oftite  Ftvid  in  2I«at  Sngmm  m  ^ManLj 


I 
I 


359.    AMUrvIa  ar  the  UmgtBmty  mt  WMmmM  Wtmgtmm^     If  tbe   W 
«f  Britiab  thermal  units  produced  by  the  combufttiou  of  one 
of  Ik  ^veo  kind  of  fuel,  b«  uultiplit.nl  by  Joule's  o^iuivutcai 
foot-pounds,  tlie  rp»ulc  is  the  tatai  heai  of  eom^Hu/iofi  uT  ibe  I 
question,  cxiirea!M>d  in  foot-poiUMlft.     For  difiiavnt  kindtt  of  fiu^' 
nwy  be  deduced  from  Uw  dalft  in  Aitide  227,  tbis  qnoatitjf, 
Muitd  numb^ns  nngw  between  5.000,000  &nd   12,000,000  f 
nmida.    Thit  total  heat  is  expended,  iu  any  given  engine,  in . 
«MiBC  1^  ftiUowisg  eSbcta,  wlioae  sum  is  equal  to  the  beat 

V  IVfAUteAMUyiAtf^rnocSibeu^fromO-I  to  0-6  of  tbs 
bmt,  Atv^rvlinf;  to  tbt)  conittmction  of  the  funiaoe,  and  tko 
w\\\\  *b»oth  th.t  ciuuUiittiuu  Ltt  rvgulatL-d.     Sco  Ajticle  IW4. 

Sl  llin  iMewf  ify  r^/«ct»d  heat  of  tKt  en^nt.  being  the  exoeMcf 
iho  wht^e  heat  ooinmunicated  to  Uio  wi>rking  tluid  b\-  esi'li  pooBil 
tif  Ami  bvnwd,  above  tho  portion  of  that  beat  vhicb'perniuieiitir 
di«1HW*H^  being  replaced  by  mechanical  energy. 

3.  Tho  AaU  waatiid  by  <A«  mffim,  wbethcr  hj  cMiduction  or  by 
non-ftilAlui^'t^  of  the  couditions  of  maximum  efficiency. 

4  Tlio  u*rf«w  toork  of  tiu  a>i/in«,  employed  in  oTeroomJDgfiK- 
tion  and  other  prejudicial  rvaisUueefl. 

A,  The  uaejul  work.  The  ^kiency  of  a  beat  engine  is  impieTtd 
by  ditniui^hiiig  lui  far  as  possible  the  tirat  four  of  tmiae  effeou^  so  ai 
to  increaw  thw  tilth. 

It  app^ATs  tbtin  that  the  efficiency  of  a  heat  en^ne  ia  tho  pie- 
doct  of  three  factors ;  viz. :— I.  The  ^deney  of  tha  Jvmoct,  bang 
the  r*tic>  whieli  the  heat  tranftfi>rred  to  the  workini^  fluiil  brars  Xo 
«ha  total  beat  uf  cumbustioQ  ;  II.  The  ejicicftcy  o/UiS  jluui,  betog 
the  ftactiou  of  tlio  heat  rewiveJ  by  it  which  is  tnuiafonaed  iata 
^j^kanieftl  energy  ;  uud,  III.,  The  ejieiency  of  the  n^^matDt, 
^^M  the  finctiou  of  that  eneigy  which  ia  available  for  drivifig 

*>Q^^rt  of  those  factors, — tho  efficiency  of  the  furnace, — liu 

^ .aawkwd  in  Chapter  II.,  and  nspeciaUy  in  Article  334  :  tfce 

'^^J— the  efficioncy  of  the   fluid, — is  the  nj>ecial  subject  of  tfc« 
****!  gg^ttoAi    ^"  third    will  lie  conuidured   in  u  subaeqnort 


^*^  ^^p  «f  Ifcit    Crliu«l«r  nnd    Plaiaa — lM4l<«ted   P«wer.— IV 

^^t    WmI  BOff'^*^  "'  which  the  fluid  [lei'fonus  work  coaiiif^ 


i 
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lly  of  an  enclosed  space  whose  Toliime  is  cnpable  of  hemg 
itely  fxtlmx*-'^  «"<!  cuutractcd,  by  the  motion  of  ono  of  its 
LrietL  The  pnclortoii  simic*  in  of  a  cyUndrical  form,  in  all 
tliat  are  extensively  used  in  practice;  and  it  is  calle*!  tho 
)KB,  even  in  those  exceptional  engiuos  in  which  it  has  some 
ier  fignre.  Its  moveable  boundai-y  is  called  tlii>  i'Iston,  and  is 
BKially  a  cylindrical  disc  fitting  the  cyliiidur,  in  whicii  it  mores  U> 
Iftd  fro  in  a  straight  line.  In  Romo  exceptional  engines  the  pii^ton 
|Mi  other  foriDfl,  but  it«  action  always  is  to  increase  and  diminidi 
itely  the  volume  of  a  certain  encloAed  Bpaoe. 
The  steam  or  other  working  flnid,  while  it  is  entering  the  e^-Iin- 
ftDfl  expanding,  drives  the  piston  before  it,  and  exerts  on  the 
an  amount  of  energy  «jufll  to  the  prodnct  of  the  volome 
ivept  through  by  the  piston  into  the  mean  intennity  of  the  presBure 
of  the  thiid.  This  opemtion  in  ih^/onmrd  gtrvkc 
paring  the  retam,  or  hachmrd  atroit,  the  pinton  dnrcs  the  fluid 
it,  and  eitlier  exjR-ls  it  from  the  cylinder,  or  oomprcsses  it, 
>Ib  pATt  and  compresaes  part;  and  in  m>  doing  tJio  piston 
enei^  npon  the  fluid  to  an  amount  equal  to  the  product  of 
Uw  volume  BWppt  throngh  by  the  piston  into  the  mi.'un  intcusity  of 
I  llHjireBaure  of  the  fluid,  which  is  now  called  back  presntrv. 

Taa  excess  of  the  energy  exerted  by  Uit*  fluid  on  the  ]«iBton  dnr- 
ii^  the  forward  stroke  above  the  energy  exerted  by  tlii?  pinton  on 
the  fluid  during  the  return  stroke,  is  the  ^icttve  encryy  exertvd  by 
tlie  fluid  on  the  piston  during  one  amtpUia  «trolc«y  or  retxtiutionj 
eooaipting  of  a  forward  stroke  and  a  return  stroke,  and  ia  equal  to 
tin  work  performed  by  the  piirtfin  in  overcoming  resistance  other 
tiian  the  bock  pressure  of  the  fluid  ;  and  the  amount  of  that  work 
in  tiome  definite  time,  as  a  second,  a  minute,  or  an  hour,  is  tbe 
ttPlCATED  POWER  of  the  engine. 

The  method  uf  comiiutiug  that  [wwer  from  the  diiigram  drawn  by 
the  indicator  of  a  working  engine  \\si»  been  explained  in  Artiele  43. 
It  in  to  be  borne  in  mind  in  auch  culculatiouH  (lu  ha^  been  ox- 
pluned  in  Article  6),  that  the  8|)ft<.Hw  swept  through  by  the  piston, 
aad  the  intensities  of  the  presHure,  must  bo  stated  in  such  units  that 
the  product  of  a  space  into  the  intensity  of  a  pressure  shall  give  a 
(aty  of  work  in  foot-pounds.     Thus,  for  quantities  of  work  in 


OMIT  OF  PRZ88TTRZ. 

ae  lb.  tun  the  sqnaw  foot 
lb.  on  the  aquare  inch. 


UXtT  OP  EPACE. 

One  cubic  foot. 

A  prifim  a  foot  long  and  wi  inch 

1 

square,  =  ^^ 


cubio 
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wrtAU  ASD  OIHD  BXAT  KBODTEa, 


ami  for  qnuitttiai  of  woik  la  kiltfn 

cam  ow  TusBcm 
On*  lokigTsinitte  cm  the  wiuaTe  ) 

■•»»». i 

(>De  kilogmmme  oq  the  sqauv  1 

centimetre, J 

Odo  lulogranoae  on  the  ai|nu« 
nuUiinfltre, 


:} 


uxrr  OP  arjLCK 
One  cnbic  metiib 
j^^^^  cubic  i«tre=j^l 


1 


Xeepoo 

litn. 


cabic  metre  ^ 


TIm  metlud  of  ooBputing  the  power  of  a  doabl»«cting  i 
hf  finCng  aepufttdy  the  quantitie«  of  efiisotive  eoei|or  exn 
the  two  sides  of  the  ptston,  kud  adding  tfaea  together,  hu 
saffidcotly  expLuned  and  illostnted  in  Article  43»  pages  W,  ^ 

161.   IPirtU  CjllBiM   gB^B—     r       II mf  01«sniw- 


donbU  cylinder  engioe,  the  steun  or  other  fluid  ]>enoruu  m 
in  two  cylinders,  a  smaller  and  a  latger,  whieh  at  oertaiu 
communicate  with  ach  other.     In  mae  cases  the  funcdotu 
cg^iikdefs  are  petftnaed  bj  the  two  end*  of  one  cylinder.    Tie' 
datails  of  sodi  engines  will  be  explained  in  a  iiiture  ch^iter; 
otyet  of  the  ptvaent  Artiele  being  to  show  how  the  indlcatoi 
^■BS  of  won  obtained  from  a  doaUe  cjrUnder  engine  ore ' 
combined,  so  aa  to  prodooe  the  dii^imm  that  would  hsn 
obtained  had  the  fluid  perfi>rmed  the  aune  woric  by  going 
the  same  series  of  dianges  of  prearare  and  \-Dlame  in  one  i 


K 

^.^^ 

'r 

\ 

:lfe  ideas,  the  fluid  will  be  spoktMi  of  as  Meam;  althongfa  tk 
I  an  U)pUcable  to  any  fluiii     The  steam,  then«  u  fin^ 
6oai  tns  boiler  into  the  smaller  crliuder,  until  ic  filb  * 
tqgm  tt4«mf.  r^jmsented  by  B  C  in  fig.  97 ;  the  absolnte 
^imemvktd  by  the  height  of  B  C  above  the  seco  line  P  O'Q. 
^^^D  ^  Xhv  deam  is  then  eat  o6^  and  it  expands  in 
with  a  pressure  gndually  diminishing,  as  nhc 
O  1>.     D  N  being  let  fiUI  poi 

Uk  whole  Epaoet  swept  through 
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the  piston  of  the  smaller  cylinder  during  itti  forward  stroke.  At 
the  end  of  that  stroke,  a  communicatiun  is  opened  between  the 
ler  and  the  larger  cylintler;  and  the  forward  stroke  of  tho 
of  the  larger  cylinder  tukta  pltice  &t  the  same  time  with  tho 
stroke  of  the  piston  of  the  smaller  cylinder.  Dtiring  this 
the  ifteam  u  driven  before  tlie  pisLoa  of  the  smaller  cyliudur, 
^  drives  the  piston  of  tho  larger  cyliiidar;  it  t>xert«  men:'  energy 
the  liitter  piston  than  it  n^n-ivcs  fniDi  the  former,  because  the 
ij^rton  of  the  laq*er  c!ylindur  sweeps  thruiigh  the  greater  »jiAce ;  and 
pbe  diflerencu  between  Uiohu  q^iantities  of  energy  is  added  to  the 
4DBf^  formerly  exerted  by  the  steam  on  the  jjiston  of  the  anialler 
linder.  Thia  p»rt  of  the  action  of  the  steam  is  represented  by 
curves  D  A  and  £  F  :  tho  ordinatcs  of  D  A  representing  thu 
ward  pressares  exerted  by  the  stenm  in  the  smaller  cylinder, 
the  ordinates  of  E  F,  the  forward  preHsiires  exerted  by  it  at 
same  time  in  the  larger  cylinder.  O  P  represents  tlie  space 
through  by  the  piston  of  tlie  larger  cylinder,  ou  iho  nmne 
with  that  aocoi-ding  to  which  O  N  reproaeuts  the  coirespoud- 
japace  for  the  smaller  cylinder. 

next  operation  is  to  shut  tho  couimunicwtion  between  tho 
cylinders,  and  open  tlio  exhanat  port  of  the  larger  cylinder, 
the  admission  port  of  the  amuller.  Then  tiikes  place  Uic 
stroke  of  the  larger  cylinder,  during  whicli  the  steam  is 
ed,  exerting  a  Itack  pressure  represented  by  the  ordiuales  of 
;  while  at  the  wime  time  a  new  portion  of  at^am  is  admitted 
iho  smaller  cylinder,  and  expimded  as  before,  during  a  new 

'  stroke  of  that  cylinder, 
itu  are  produced  me  two  indicator  diagrams,  B  C  D  A  B  for 
smaller  cylinder,  and  E  F  A  £  for  the  larger,  and  the  sum  of 
areas  ropreaenta  the  energy  exerted  on  the  piston  by  the 
itity  of  steam  which  is  ex|)eudcd  at  one  stroke  When  two 
diagrams  are  taken  by  an  indicator,  for  tho  sole  purpose  of 
nnipalui|[  the  power  of  an  actual  en^iue^  they  may  be  drawn  on 
ttssame  or  on  different  scales,  and  tho  quantities  of  work  indicated 
^  them  may  be  computed  indc])endcntly,  and  then  added  together. 
Of  this  a  detailed  exampto  haa  already  been  given  in  Artade  43, 
PigoSl. 

But  if  the  diagrams  are  to  be  uswl  for  the  purpose  of  examining 
^■tothe  thermodynamic  relations  between  heat  ex[«;ndcd  aud  work 
peiformeid,  or  for  other  scientific  purposes,  it  is  best  to  combii 
tk«n  into  one  diagram,  in  the  following  manner: — 
Dmw  aiiv  straight  lino  K  G  U  twnillel  to  V  O  Q,  and  interacct- 
Produce  that  line, 


dJBgrHmsi 


lay  off  upon 


HL=Ka, 


I 


Thai  OL«OH  +KQ  rerreBonta  the  total  volume 
hj  Ute  Btwn,  partly  in  Oie  snuiUer  and  partly  in  the  \arffT  ej 
vben  ita  aljsi>luU;  pressure  is  ropresentod  by  O  G ;  uul  L  ta  i 
in  the  iiKlicai'ir  dingmm  which  wuulil  huvu  Levn  desctihed  \ 
vhole  actiuQ  of  the  ?t>.-»iu  taken  iilai:«  in  the  larger  cjUoder 
By  dinviiig  a  sufiicient  number  of  paralld.  lines,  sncfa  a 
and  laying  off  thf  proiRT  dittt*noe«  on  them,  as  above,  any 
of  pointA  siich  lu  L  nuiy  be  found,  ao  as  to  compete  the  a 
i/Mypwn  B  0 B  L  M  A  B,  whow  length  OQ  =  d~P  nrpreH 
Tolume  swept  tbrutigh  by  the  ]>iston  of  the  larger  cylisdl 
this  diagnr"  may  bo  reasoned  about  as  if  it  represented  tbt 
of  Uie  steam  in  toe  larger  cylinder  alon& 

It  is  to  be  observed,  then,  a»  a  goiieml  principle^  that  IW 
saarisd  by  a  ffivan  portion  of  a  Jluid  durhtg  a  gimn  aarim  9f 
ofprmtun  and  vouun^  Attends  on  tUtU  »«rm  ofchemg«t,4tm 
the  munisr  and  anw^emetU  o/the  eyUnden  w  ioAkA  tktm 
are  undsrffona. 

262.  vihm  ActisB  M  ■  onUMi. — To  determine 
t^ie  ofliciency  of  a  brat  engine,  it  is  neocesory  to  kuow 
indicator  diagram;  that  is  to  say,  the  mnre  vhoM 
represent  the  suoooasiro  volumi-s  and  preseuree  whicli  tl; 
working  tite  ending  snamm  during  a  complete  revoIutionJ 
true  indicator  diiiffnun  is  not  necessarily  identical  in  tigiia 
the  diftgrara  deocriljed  by  the  engine   on   the  indicatijr  cal 
the  ab^cintue  re[>resi.-nting  volumes   in  the  latter  diugmm,  I 
not  only  the  volnmes  awrnmed  by  that  [wrtiou  of  tlio   fluid^ 
really  (nrrfunna  the  work  by  alternately  receiving  heat  wl 
panding,  and  emitting  heat  while  eoutiucUng,  in  auch  a  ma 
Mnnani-ntly  to  transform  heat  into  mechanical  energy,  h 
we  Tolumpfl  assiimed  by  thut  jjortion  of  tlie  fluid,  if  any,  wh 
merely  tm  a  cuahion  for  transmitting  presniire  to  the  pistonj 
y  going,  during  each 

tiou,  a  series  of  ehi 
pressure  and  voluii 
then  the  same  seric 
order  exactly  the 
of  the  former  orda 
to  transform  no  h 
manently  to  m 
energy. 

In  fig.  98,  let 
the  apparent  indicai 
gram.       Parallel 


^ 
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(we  liues  will  be  the  lines  of  maximnm  and  minimom  pns* 
Ijel  H  £  and  L  O  be  the  volumes  occupied  by  the  cushion  at 
urn  and  minimum  preseui-es  resjjectively:  draw  the  cun'e 
ch  that  ita  oo-ordinates  shall  repreat^nt  the  changpa  of  volume 
iure  undergone  by  the  cushiuu  during  a  revulution  of  the 
Lx!t  K  F  (i  6  be  any  ati-aight  line  of  equal  preiwitre^  inter- 
tkis  curve  and  the  apparent  iudicatur  diufpiuu;  so  that 
alialj  represent  the  two  vulumea  aammed  by  the  whole 
body  at  Uie  pressure  O  K,  and  K  F  the  vulumo  of  the 
at  the  same  pressure.     On  Uiis  line  take 

IB  evident  that  B  and  D  will  be  two  points  in  the  true 
diagram;  and  in  the  same  manner  may  any  number  of 
be  found. 

I  area  of  the  true  diagram  A  B  C  D  is  obvionsly  equal  to  tiiat 
' apparent  diagram  abed. 

Vsmate  tot  BMrgr  cMrMd  kT  VlnM  ••  nmtm.  —  In  fig. 

ABODE  A  rcpre- 

IS  indicator  diagram  of 

engine,  0  V  as  usual 

;  the  line  of  ito  prmmtre, 

I P  that  of  no  voiume, 

'■  are*  of  that  diflgraro, 

Qting    the    effectiTe 

ejcertod  by  a  certain 

ity  nf  tlie  fluid,  may  be 

ited  and  expressed  by 

of  two  methods. 

!  Method.— Ijst  the  dot- 

lee  hb,  £<^  be  tangents  to  the  diagram,   parallel  to  OP, 

Oe^».;  06  =  r'j; 

irely  the  greeUast  and  the  least  volumes  occupied  by  Ute 
ity_of  fluid  ill  question. 
K  Ct  =     V  represent  any  small  portion  of  the  diange  of 
le  undergone  by  the  fluid.     Draw  F  LH,  G  M  K,  porpendi- 
'  to  O  V  ;  and  let 

p  =  mean  of  F  H  and  0  K,  and 
j/  =  mean  of  FX  and  (i  M, 

tnt  the  mean  intensities  of  the  pressures  of  thofluid  when  the 
of  the  change  of  volume  represented  by  F  G  =f  A 


J 


Fig.  99. 
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V^^f^'iv-ifjdpi (2.) 


Ps 


eijual  to  thai  given  b^  i-quation  1,  but  obtained  by  a 
iproeesa. 

method  is  the  b<wt  for  mpasuring  the  work  indicated  by 

of  actual  eoglDea.    The  second  is  the  most  ooavenieut 

leonitical  inquiriot. 

[tlways  most  convenient  to  consider  the  quantity  of  floid 

the  equationa  I  and  2  refer,  oa  being  one  KiniD;  m  that 

e  the  etieryy  Kcerud  per  pound  of  fiuid,  and  tho  raluea 

I  Kimply  tlio  various  volumeH  occupied  by  one  poand  at  dif- 

rioda  of  the  revohition  of  the  engine. 

the  energy  exerted  jxr  unit  of  apace  txvcpt  throttgh  b^ 

(or  in  a  double  cylinder  engine,  by  the  piston  of  the 

^linder),   it  ia  to  bo  observed^  that  the  apace  bo  swept 

per  pound  of  fluid  employed,  is  the  diiference  between  the 

I  and  least  volumeJi  occupied  by  one  pound;  that  is  to  say, 

XITEBOT  EXERTED  PER  tWIT  OP  VOUTWB  BWErP  THBODOH 

TJ      _  j{p—p)dv^  j(v  —  if)dp    


r^7 


r-  —  tJ*. 


r,  —  v". 


it  of  volume  is  a  cubic  fool,  tliia  formula  gives  tho  mean 

mm  m  ponndg  on  th«  tquartfoot;  if  the  unit  of  volume 

a  foot  long  and  an  inch  square,  the  formula  givca  the 

^ pnatvm  ii\  pounds  ofk  tka  t(pMt«  imdi. 

Yt  EXERTED  TN  A  orTRH  TIKE  (such  as  a  minute,  or 

that  is,  the  isuicATFj)  poweic,  is  givou  by  the  ejcprtssioo, 


mTJ, 


■(*-) 


10  is  the  weight  of  fluid  employed  in  the  given  time ;  or 
_U  in  Article  43,  equation  4,  by  the  oxpresi»ion, 

^F^' ^'-^ 

A  is  the  area,  and  a  the  length  of  stroke  of  the  piston  (or 
sn  of  tho  Inrgcr  cylinder,  in  a  double  cylinder  engine); 
.  i  is  the  volnmo  swept  through  per  stroke;  and  N  is  the 
af  ttrokea  in  the  given  time ;  which  number,  in  a  double 
,  is  to  bo  doubled,  ns  haa  been  explained  in 
the  quantities  of  energy  exerted  on  tho  two  8id< 
•  tkunpatod  aepamtcljr,  and  added  togetlicr. 
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Iiiiamooh  an  wo  liuva 


I 


10 


NA« 


'!-< 

it  faUowB  tliBt  flie  uwfyA/  offiuid  cmplcyed  ptr  ttrole  a 
10         A « 


N      f^-ff, 

If  the  diagnm  m  fig.  99  in  held  to  ropnsacnt  the  energf 
\)y  otM  povnd  of  the  flnid,  thi>n  tlto  alwciaaiB  pankU^  1 
repTMent  nmply  values  of  o,  the  volnioe  of  one  pound. 

If  the  dimgiam  ia  held  to  represent  tlie  eaergir  exerted  jMr 
q^vofimw  awapt  through,  thm  the  Hne  b  o  n'presenta  that  onit)  I 
Wft  ftbacai—  pamllei  to  U  V  represent  values  of 


r 


«,- 


Vt  the  diB^:rani  in  hold  to  ropreeent  the  cnei;^  exerted  di 
Mf  ttrolcv,  then  the  line  be  repreAcnta  the  Toluioe  A$,  uA 
nbwUiin  parallel  to  O  V  represent  ^-aluus  of 


W 


»*-«'i 

The  qtuuitily  e|ioken  of  as  the  "ton^  qfjktid  emplcjftd" 
■y  i-tuKt)  UK^ua,  the  weight  of  fluid  employed  onee;  ani  if 
^_    n  wi'ight  of  fluid  (tut  oflva  hui)|icai!)  ia  nuido  to  act  again  u 
itnin,  it  is  to  bo  held  to  be  eqaivalent  to  the  same  wetglit  flUttt- 
jSiml  by  the  nuntfrnr  o/tinug  that  iS  is  empUn/fd. 

Mi.  K^miiMi  me  nwerwT  *»*  w«rk.— The  pnncif^e  of  tha 
equality  of  »-i>ergy  and  iv»irk  (Articles  26,  33)  when  afiplitd  tothi 
iictiou  (tf  the  fluid  in  a  heat  engine,  takes  the  following  form:— - 

W/im  the  «HfuM  if  moving  uith  an  uniform  periotiicai  flufioa 
(tlmt  in,  whoQ  mcli  stroke  occupies  on  equal  interv-id  of  time,  anj 
wliRU  tlio  velocity  of  each  part  of  the  machine  ia  the  mmv  nfter 
any  uumbor  of  cconplete  strokea),  tha  eneryp  txtrted  by  the  fuid  on 
tht  piHon  during  any  nnmber  o/eompUte  ttrokn  i*  et/ual  to  'the  «*i 
n$fmwad  by  the  piston  tn  wercoming  reautaTiea  in  the  kum  pmed. 

)lie  most  convenient  method  of  expreaaiitg  this  principle  hy  a 

nuula  i-t  lUi  follows: — 

j^  in  Articlea  9  and  S-t,  let  alt  the  rerastanoea,  usefal  and  n»- 

Jieial,  which  the  enjfine  has  to  overoome,  be  nduoed  to  the  jmskm 

^^fwing  potrtt.     For  exnniple,  nippoao  that  while  the  pisloa 

''*■*•'  IsDj^Ch  Bf  a  given  ]iart  of  the  iti^Tp^tlMW 
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through  the  distance  «*,  agninat  the  renjrtance  R'.    Then  the 
''"^  reastonoe,  directly  applied  to  the  piston,  in 


'ttie  total  rmstance  redue^d  to  the  piston,  obtained  by  nddiog 
Miber  all  such  quoutitics  as   the  above,  may  be   denoted  as 


R  =  S'-R', 


(1.) 


!Tow  if  N  bo  taken,  aa  in  the  last  Ai-ticle,  to  denote  tlio  number* 
■trokHs  in  a  given  time,  such  as  a  minute,  ttie  work  [kerfonned 
the  piston  in  that  time  a 

N*R  =  N-2'^R'; (2.) 


K 


UB  being  equated  to  the  energy  cxertod  by  the  fluid  on  the 
ton  in  the  same  time,  m  given  in  Article  263,  formule  4  and  6, 
fB  for  the  equation  ofeaer^j  and  xtsork,  the  following : — 


N<R  =  toTJ 


NA*TJ 


.(3.) 


Anttlher  form  of  expregaion  for  the  same  principle  ia  obtained  by 
tiding  both  aides  of  the  above  equation  by  N  «  A,  as  follows  : — 


I 


R 
A 


XT 


H  -  '^i 


(4.) 


the  first  side  of  this  equation  ia  the  total  resistance  per  uni^J 
DtvA  of  piston ;  and  the  second  siilo  is  the  mean  effective  preeoure 
the  fluid ;  ao  that  the  principle  expressed  by  it  may  be  stated  as 
lows:— 

/n  a  heat  engine  moviivf  idlh  an  uniforrtt  pfrioflical  motion^  <4«| 
km  effective  prcMure  (jfthe  jluid  is  etpiol  to  the  total  naiglance ptr^ 
it  of  area  o/pigton. 

The  proper  mode  of  applying  this  principle  to  the  steam  engiite 
is  first  pointed  out  by  t)iu  Count  de  Pambour  in  his  works  O*^ 
wmotires,  and  on  tlie  Theory  of  tJus  Steam  Engine.     It  may  be 
nmed  up  aa  follows,  leaving  the  details  to  bo  explained  further 

He  refdaitance  is  in  general  determined  by  the  nature  of  the 
irk  performed  l^  the  en^pne;  so  that  in  most  cases,  R  is  kno\ 
im  data  indefiendcnt  of  the  action  uf  the  fluid. 
The  Rsistanoe  being  n  fixed  quantity,  fixes  the  mean  e 
BVnro  according  to  equation  4;  in  other  words,  the  acfciai 


OTKAU   ASD  OTHEB   HSAT  EX6DIZ& 


fluid  attjtuta  %tte{/'  until  iHc  lueoii  effective  prcannv 
r«BstAiio&  The  proocas  by  vliich  that  adiuEtin«t>t  imk 
be  stated  generally  thus : — if  the  mcau  effective  pnav 
greater  than  the  resUtanoo,  the  tDotion  of  the  engioe  u 
that  is,  the  uumber  of  strokes  in  a  gi\'(.>u  time  ie  in 
(juantity  of  heat  expended  per  stroke  is  iliraiimhed;  « 
liffeotive  preBmre  is  diminished;  and  this  goes  on  uo 
effeotive  preosure  exactly  balances  the  resistance, 
effective  pregsare  is  at  lirvt  JesH  than  the  rcsistanoe,  I 
the  engine  is  retarded  until  the  same  adjustment  is  < 
process  preoisdr  the  converse  of  that  above  described. 
The  mean  cflectiTe  pressure  beiug  thus  determined,  tl 
U,  v^  —  t/j,  and  tlto  various  values  of  p  and  v,  at  diffei 
the  stroke,  can  be  deduced  from  it  by  principles  to  I: 
explained,  depending  on  the  nature  of  the  fluid,  and  tl 
which  its  action  is  regulated  in  the  particular  enpne. 
equation  6  of  Article  263,  it  appears  diat  the  number 
a  given  time  can  be  computed  by  the  formuhi 


N 


A« 


I 
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ptemrutan'  heat  engine  lit  one  in  which  the  rcceptioi; 
thi>  flviid  takee  place  wholly  at  one  alwoluto  tcm|)eratiu 
rgeotioD  whotir  at  another  absolute  tcmneratnre  c^.  0 
in  mdi  an  engine,  the  change  between  tnoao  two  umitl 
lurta  must  bo  made  entirely  hy  compresidoQ  and  expa 
fluid.  In  fig.  100,  let  A  B  be  part 
thermal  line  of  r.,  D  C  part  of  that  o; 
A  D  31.  B  C  N,  be  a  pair  of  adiaboti 
rwj|KJudiuj!  n:s]>ectjvely  to  any  two  ( 
mio  func'tioofl  9„  9„  and  produoad 
towards  X  Tlieu  will  A  B  C  D  be 
of  on  elementar)'  heat  engine  reo^ 
tlio  absolute  temperature  r^,  and  re 
at  r*  The  notion  of  such  an  engine, 
stroke,  cousists  of  four  operations, 
by  the  four  sides  of  the  figure 
fbUows : — 

A  B,  exisuiMion  of  the  fluid  at  the  higher  limit  of ' 
\\  V;  further  expansion,  without  reception  or  emisai 
till  Uie  temporaturo  fiiUs  to  r« ; 

(1 1>,  ooippmsion  of  the  fluid, 
tutv 


Fie.  too. 


sua, 

"4 


ErpidcroT  or  the  fluid  ik  gekerau 


S4S 


D  A,  further  compression,  vithoat  reception  or  omissioD  of  heat, 
till  the  temperature  rises  again  to  r^. 

The  beat  reoeiTed  In*  the  flnid  from  the  furnace,  at  each  stroke, 
during  the  prooeas  A  B,  is  -^j  (*»  -  ^„)  =  H,,  and  is  nipresented  hj 
the  indeliiiitely  prodnced  area  M  A  B  K.  The  heat  rejected  at 
eaoh  stroke,  dui-icg  the  process  C  D,  aud  abstmuted  by  some  re&i- 
gemtiug  sabstaace  (such  as  the  jet  of  cold  water  in  the  condenser 
of  a  Rt«am  eogine)  is  r^  (9»  -  9,)  =  Hj,  aud  is  representod  by  the 
indefinitely-produced  area  M  D  C  N.  The  heat  permanently  trans- 
fbrmed  into  mochauicol  eoergy  at  etuHi  stroke  is  represented  by  the 
amABOB 

=  H,-H,  =  (ei-.,)(^.-»0 (I.) 

Ccmseqaently  the  ^cieney  o/the  engine  is 


T,-T, 


T,  +  461-2* 


.(2.) 


The  hist  oquUdoD  expresses  the  law  of  the  efficiency  qf  elementary 
thermodynamic  enyinet,  viz. : — that  the  /teat  tramiformed  into  mec/*a- 
ftical  energy  U  to  the  tchoie  heat  received  by  thejtuid  as  the  range  qf 
tm^Mrature  U  to  the  abaoltUe  temperature  at  uAick  heat  is  reodvmi, 

2CG.     KMctaurr  •€  the  VtaM  la   Hcu   Ea«lMM  In  OeminU. — Let 

the  closed  lino  A  a  6  B  c  </  A  bo  the  diagi-am  of  any  thermodynamic 

iBDgiiieL     Draw  a  pair  of  adiabaiic  Unca  A  "Hi,  H  N,  toucbiug  tha 

dosed  lino  in  A  B,  rcspoctivcly,  and  indefinitely   , 

produced  in  the  directiou  of  O  X.    Then  through- 

oat  the  process  roprewnted  by  the  part  A  a  6  B  of 

the   disgiam,   the   fluid   is  receiving  heat,    and 

Uiroughottt  the  process  is  represented  by  the  part 

S  o<^  A,  rejecting  heat     Cut  an  indefinitely  nar- 

row  band  from  the  diagram  by  any  pair  uf  indeii- 

nitely -close  adiabatic  lines  adn^hcn,  correspond- 

ing  to  the  thennod3manuc  functions  p,  9^d9,  rcs|)ective}y ;  and 

Iftt  the  absolute  temperatures  con-cs ponding  to  tI»o  elements  ab,cd, 

lie  Tj,  r«,  respectively.     Then,  treating  the  band  abed  &3  the  iii&- 

gnsu  of  an  elementary  engine,  we  find  (expressing  quantities  of 

neat  in  fJDot-pounds), 

kt  received  during  the  proceos  a  6  =3  indefinitely-produced  area 
iabn^dlli=-r^d9'j 

it  rejected  during  the  process  c  rf  =  indefinitely-produced  ana 
iden=dH^=:^d9; 
lent  transformed  into  mechanical  energy  s  area  ahadssdM^ 


Fjfr  101. 
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Consequently,  whole  bent  received  by  the  fluid,  ' 

=  arcaMAa6BN  =  H,=  (**  r^rf* (1.) 

Whole  heat  r^ected, 

=  areaMAdoBN  =  Hj=  f*  *^d^ (1) 

Heat  tr&QsfonDed  into  mechftnioat  energy, 

^  IT  =  firea  A  a&Be<iA  =  n,-H, 

'^  fiP'f^dv^  j  {v-ff)dp^  j*^^{^^~t^dp. (a) 

Efficiency  of  the  engine 

«»  «^        "        /-...,      *'^ 

267.  Hms  Emglae  sf  maxlMw  sadcacr- — ^tefwMn  ffwm  fitnAt 
of  temperature,  tho  efficiency  of  a  thermodynamic  engine  is  the 
great«ftt  posiiible,  when  tho  whole  reception  of  heat  takes  place  <S 
uifl  highet-  limit,  and  the  whole  rejection  of  hciit  at  the  lower;  thil 
is  to  say,  when  tho  engine  ia  an  deai&ntary  fnyine;  and  the  eC- 
ciency  of  Uio  fluid  iii  such  an  engine  is  independent  of  the  natnt 
of  the  fluid  cmi>I(jyHd. 

268.  H«at  JEEc«ttooilser,  mr  B«|«iftBtor. — To  fulfil  strictly  jH 
above  condition  of  maximum  efficiency  Ix'tweou  given  limitmi 
temperature,  tho  elevation  of  the  tfiront-rature  of  the  fluid  imi.-.!  V 
performed  wholly  by  compression,  and  tho  deprusaion  of  iu  tao 
perature  wholly  by  expatiHion;  operations  which  are  in  many  aM 
impracticublc,  irom  the  great  bulk  of  cylimlvra  which  thedr  va^ 
fonnauoe  would  require.  J 

This  difficulty  is  almost  entirely  avoided  by  the  following  fOMB 
for  producing  altemato  elevation  and  dcpreaaiou  of  tempen^| 
with  a  small  expenditure  of  heat,  invented  about  the  year  18l^| 
the  Bev.  Dr.  Robert  Stirling,  and  subsequently  improrod  ^| 
modified  by  Mr.  James  Stirling,  Captain  Ericsson,  Mr,  Si'^m^n 
and  otLers.  I 

Tho  fluid  whose  temperature  is  to  be  loverad  is  passed  thn.!!:!  J 
the  iuttinrtice:M  of  an  apparatus  called  an  eamomuer  or  rtfffutnA'l 
formed  by  a  niimlKr  of  thin  jilntes  of  metal  or  other  aolid  oooAMH 
iXig  substance,  oi  \j;  a  uutwork  of  wii-es,  exposing  a  great  miftS 
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ft  aauJH  space.  The  material  of  tbo  economizer  bccomea 
by  the  cooling  of  the  fluid.  When  the  temperature  of  the 
again  to  be  rai%d,  it  i»  passed  through  Uiu  interstices  of  tho 
T  ID  tlie  contmry  direction,  and  the  heat  which  it  had 
jven  out  is  in  part  restored  to  it. 
iblo  to  purfurm  this  process  ubaolntely  without  waste 
somo  experimonta  by  Mr.  Sieraeua,  on  air,  the  waste 
at  each  stroke  ap)>car8  to  have  been  about  ouc-twcutietli 
the  Iioat  alt<?mflt*ly  abstracted  from  and  restored  to  the 
id  in  the  ur  engines  of  tho  ahip  "  Ericsson/'  about  one- 

iB«4iMb«ii«  SAmvm, — Ono  condition  of  the  economical  work- 

Ibe  eoonomiier  is,  that  tbe  quantity  of  heat  given  out  by  the 
nrin^  any  given  stage  of  the  loweriug  uf 
Bperature  shall  Iw  eipal  to  tho  quantity 

a  by  it  during  tho  coi-rvspoiidiug  stage  of 

ling  of  its  tt^mperature.     This  condition  is 

I  in  the  following  miumer: — 

B  F  be  an  arbitrary  line  representing  the 

f  variation  of  the  pressure  and  roluuie  of 
Id  during  tho  lowering  of  its  temperature; 
pS  be  the  corresponding  lino  for  the  raising 

temperature  of  tho  fluid.     ~ 


Fig.  103. 


Lot  K  L,  M  N,  be  any  pair  of 
BmI  linesr  intentecting  G  H  in  A  and  D,  and  K  F  in  B  and 
Bctavely.  Let  ft,  ♦».  #a.  *»,  bo  tho  tljorraodynamic  functions 
K»  four  points.    Ilien  if,  for  every  pomible  pair  of  isothermal 

f.  —  *A  =  fo  —  ftK 

_  E  F  and  G  H  have  the  required  property,  and  are  eaid  to 
abatic  with  nsi)ect  to  each  other. 

Section  4. — O/tha  E^cieney  of  Air  Ent/aies. 

Thtxmai  iJn«a  Ar  Aix. — The  caso  with  which  air  ia  obtained 

■juantity,  and  its  Bafoty  from  explosion  at  high  t<^mperat»irBs, 
lauoed  imtuy  iuvcutors  to  di:viao  ougiuea  in  wluch  it  is  the 
\  fluid, 
few,  however,  of  those  en^es  have  been  brought  into 
l1  operation,  owng  chif^tly  to  the  difticulty  of  obtaining  a 
Itly  rapid  convection  of  heat  to  and  &om  the  mass  of  air 
wl,  and  to  tho  necessity  for  nring  a  more  bulky  pybnder 
l«quired  for  a  steam  en^e  of  the  same  powt^r,  and  with 
K  HBUiimnm  pressure, 
sffidency  of  air  eDginea  ia  here  treated  of  \)c\<:fn 


ET^ 
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ateam  eDginea,  becAuae  of  the  greater  limplicity  of  ite  matfai 
pondpU*. 

In  aooli  inreatigfttionfl  aa  the  piceent,  air  may  vithoat 
OTor  bo  treated  as  a  perfect  gaa. 

Kaoti  i»sAkermal  lino  fur  a  p«rf«et  gas  U  a  comauxi 
hyperbola,  wkoso  aaymptotei  are  0  X,  O  T,  its  oqualiooa  beiif  j 


n 


pv=p^v^.   - 

u 

l^ot  air,  p^v^  -f-  r^  =  5315 

foot-poundfl  per  degree  of  Fobronheit 

Eacli  adiaboUic  line  for  a  perfect  gaa  is  a  cnrve  of  the  bypiBWiB  < 
kind,  liAviug  O  X,  O  Y,  for  ai^mptote^  its  equatiiw  being 


k 


f  v*"  =  «*>  ^  constant*, 
y  for  air  =  l-40a 


•w. 


Sec  Article  251. 

Kach  jtair  of  iwdiafHUic  lines  for  a  perfect  gu  are  so  lelatedi 
each  other,  that  if  v,  t/,  be  the  abscissa:  of  the  points  of  inteneetioa 
of  these  two  lines  respectively,  vrith  one  and  the  same  isothmnsl 
line,  the  ratio  o :  t)'  i«  a  constant  quantity  for  all  isothermal  liota 
The  sumo  is  the  ca«c  with  the  ratio  p:  jf.  It  follows  from  this,  that 
all  stiTUght  linp-A  of  coniitaot  volnmo,  parallel  to  O  7,  are  motoallf 
isodiabatic  (which  is  equivalent  to  Buyiiig  that  the  6jKci£c  faoacst 
constant  volume  is  constant),  and  also  that  all  sttught  lian  of 
ooustaut  prt.'ssure,  parcel  to  O  X,  are  mutually  isodiafaatio  (whici 
is  (Mjtiivalent  to  saying  that  the  specific  heat  under  constant  prs- 
sure  is  coiistaiit).     Sec  Article  SSO. 

S71.  Tli<«vi«dTimi]Ble  FhhcUob*  At  Air. — Wlien  the  tWD  fonsi 
of  the  thermodyimmic  function^  given  respectively  in  Article  24^ 
aud  in  Article  248,  viz., 


^  =  bhyplogr  + J^rfvj 
f=(it+^^)hyplog.-/ 


and 


are  applied  to  a  perfect  gas,  it  is  to  be  observed  (as  already  stated 
in  Article  251),  that  for  a  substance  in  that  condition, 


PESFECT  AJB    BNGIXE. 

Bad  also,  as  lias  been  sliown  in  Article  250,  that 


These  \iilue8  being  introduced  under  the  rigna  of  integration,  give 
the  follovt  ing  rusult<t : — 

<,  =  ?^«*o(b^_^+typlogt.)  +ccc.tant (1.) 

9^-P^  ^v^g_*  _^  j,^  1^  p^  ^  ^^^^^^ ^2  J 

In  th»ie  formiulffi,  the  wlwa  asngned  to  the  arbitrary  constant 
introduced  by  integration  ia  immaterial;  because  the  differavxa 
between  thermodynamic  functions  have  alone  to  be  considered  in 
any  problem ;  aud  from  them  the  arbitrary  constant  diaappean. 

The  values  of  the  coefficients  in  the  above  formnln,  for  air, 
tiiongh  tbcj  have  already  b<Mjn  given  in  Article  2al,  may  here,  fk>r 
tin  uke  of  convenience,  bo  rvpoated. 


y-1 


=  2-451; 


-1 


=  3-451; 


?2^  =  fi3*15  foot-lbe.  per  degree  of  Fahrenheit 


-(3.) 


In  naiug  the  fonnulie  1  and  2  vith  tables  of  oomnvmy  instead  of 
hjperbolio  logarithms,  it  la  to  be  observed  that 


hyp  log  »  =  com  log  n  x  h^-p  lo^j  10; 

byp  log  10  =  2-3026  nearly; 

>C  hyp  log  10  =  53-15  x  3-3026  =  :23-38 


plb*.  per  degree  of  FaJirenheit. 


-(•*•) 


[272.    Pnrfeet  Air  Eaclac.  wUImbi  Bf«fv«f.ntfor. — Fig.  100  (Article 

"))  may  be  taken  to  reprmmt  the  dingi-am  iif  the  energy  eicerted 
'  one  pound  of  air  during  one  stroke  t»  an  engine  of  this  class, 
'j  and  rg  be  the  absolute  tempemturee  of  receivij 
_  heat  reapectively. 
Then  A  B  is  part  of  a  common  hyperbola,  the  isot 
'  r|;  aud  its  equation  is 


3^ 
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pv  =  ^^'T^  =  5Z■lSr^ „ {ij 

C  D  is  part  of  a  common  hyperbola,  the  iaoUunnal  cbttb  of  i 
fiad  itB  Mjuation  is 

pp-  Et^ .  r  =53-15  r, 41) 

B  0  and  D  A  am  portions  of  adiabatio  corve^  whosa 
are  of  tiie  form  given  in  Article  370,  eqoatian  S. 
Let 

pAt  Ptf  Pn  P*t 

*«  »•»  f  «  «"« 

denote  respectively  the  preMurM  in  Ibo.  on  the  scjoare  foot,  and  i 
Thames  in  cubic  fet't,  of  one  lU  of  air,  oorreeponding  to  iht 
an^ea  of  the  diagram,  A,  B,  0,  D.    Then  the  prcjiorfionf  of  I 
qnantitiM  are  regulated  by  the  foUoviog  formuue : — 

Pt       P.      P,       vt         ' ^ 

g=^(^)*=(r' '^ 

s=i=(^)-=(^r <^' 

[n  equation  3,  r  donot«8  the  ratio  ofvepandon  and  imtpnimm 
0^  Ilia  air  at  amslarU  temperature,  which  is  arbitrary^  and  ii  to  br 
fixed  by  ctxisiderations  of  couvLui«.>Qci-. 

If  a  Mrtain  quantity  of  air  ia  contintyl  viThin  the  engine,  ud 
naed  over  and  over  again  to  drive  the  piston,  the  abeolnte  ^-slus  of 
the  presautY^  and  voluin^s  vhoae  ratios  are  given  in  equations  3,  i 
and  6,  am  arbitiur;  aliw.  But  if  the  air  i«  vhoUy  or  partljr  (lii*- 
charged  at  each  Mroke,  and  a  fresh  supply  of  air  ivXniu  in  (mm  tbr 
Atmo^heie,  the  minimum  pressure  p„  maximimi  volume  v,  nf  at)» 
lb.  of  air,  and  temperature  of  rejection  of  heat  «)  =  Jd«  v,  -r-  o^'^^t 
are  fixed,  being  those  of  the  external  air.  If  the  temperature  r,  of 
reoeiWng  heat  is  also  tixcd,  then  the  prcamite  and  -ralnme  pw  *"» 
are  fixed  by  the  formuls 

■o  that  nothing  remains  arbitrary  except  the  ratdo  r,  of  exi 
and  comprciifiiou  at  couai^^^/glggnvmv,  which  having  been 
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ig  to  coQTeiuenoe,  fixes  the  other  limitfl  of  pressure  and 

v»  V,  ,„ . 

Ca,  9kf  ^  tho  thurmodynuniic  functious  proiior  to  tlie  currei 
BC,  peepectively.     I'hen  acooi-ding  to  Article  271,  equations 
and  4,  the  difference  of  those  functioua  ia 


f  fc  —  ».  =  -~  (hyp  log  IT,  -  hyp  log  p.) 

'0 


.(8.) 


=  63'!5  hyp  log  r 

=  122-38  com  log  r 

:  a  function  of  the  ratio  ^  expanxUm  ai  oottstaTii  tanpcraiuTt 

Dtroduciog  this  value  into  the  general  equations  of  Article  2Gd, 
Uio  followiug  rtsults  : — 

'«  expendiiure  of  heat  in  Jhot-pourtda  qf  ener^t  per  pound  f>f 
^roi» — 

r,  (*»-«',)  =  53  15  »i  hyp  log  r=  122-38  *i  •  com  log  r;...(9.) 

feat  rejected  and  ah&tracied  by  rt/nfjeraiin^  appartUut — 

'i  (**-*-)  =  5315  fj  •  hyp  log  r  =  122-38  »j  ■  com  Iogr^..(10.) 

ftAankal  energy  exeri«d  on  piHon — 

|TJ  =H,-  Hj  =  ^,-*s)  (*.-«•.)  =  6315  (r^-'r^hyp  logr 

=  1 22-38  (r,-r^  com  log  r (II.) 

lllfieieney  of  fluid  (as  in  the  general  case) — 


.(12.) 


it  were  poasible  to  perform  the  whole  cycle  of  operationB  ou 
air  in  one  cylinder,  the  tpaee  to  be  attxpt  through  by  the  pistocif 
per  itouud  of  air  per  stroke,  would  be  the  dtfferencA  between  the 
greatest  and  least  Tolomes  of  a  pound  of  air;  thut  is  to  say, 


-'— {-Kr'i^- 


I 


ThcTV  may,  on  tlic  other  band,  be  a  eomprttaing  pump  ta 
as  a  toorking  cylinder,  the  air  being  BuppUed  to  tbe  pimip  it 
the  pressure  and  Tolume  p„  v,;  oompreaaed  at  the  constant  absobtt 
temperature  r,  to  the  pressure  and  volume  p^,  v^;  oompresMd  wiA 
elevation  of  temperatnre  to p^v,;  then  transferred  to  tbe  votiii^, 

Slindor,  and  expanded  at  the  constant  abeohite  tempcratun  *j,  tn 
e  preamre  and  Tolume  p^,  v^;  then  expanded  with  dcpn^ii^n  ;f 
temperature  book  again  to  p,,  v,;  and  then  discharged.  In  tiui 
case  the  compreosixig  pump  and  working  cylinder  must  be  ofwaii 
mxs ;  and  the  piston  of  each  of  them  must  aveep  simply  tbimigli 
the  maximnm  volume 

^. "(1^) 


poimd  of  ur  per  stroke,  giving  for  the  mean  effeotina  pteooR 
—  =  p,  (^  -  l)  hyp  log  r 


H) 


r 

H         When  the  engine  takes  its  periodical  supply  &om  the  externtl 

H    air,  p.  is  the  atmo5pheric  pressure. 

f  It  is  often  convenient  to  express  the  expenditure  of/ieat  infv^ 
fxmtidtper  cubit  foot  twepl  through;  that  is,  to  slate  a  pressure  ia 
pounds  on  the  square  foot,  which,  acting  on  the  piston,  would 
exert  enoi^gy  equivalent  to  the  heat  expended.  This  is  given  \>J 
the  formula 


nRFSCT  AIR  ekgdte; 


Sfil 


r,  =  — -*  =  15*35  cubic  feet  p&e  lb. 

P* 

by  equntjoD  8 — 
icrmodynamic  function  f ►  -  *,  =  122-38  x  -30103  =  36-84. 
tbo  formula  (C) — 

pi  =  16656;  pj  =  3-546. 
the  fonnula  (7) — 

y.=  2p,  =  33312;  p,  =  ^=  1-773; 

pt=2p,=  4282-8;  n«=:  s  =  7-675; 

oqufttions  9,  10,  11 — 

FooUltM. 

,^»^k3°'!!!!.r.™.'..".!'}  ""'2  ^  36-84  =  40,937 
=  beat  rejected,...., 611-2  x  36-84  =  22,617 

»  aiergj  exerted  on  piston,....     500  x  3C-84  =  18,420 

eqaatioa  12 — 

^«  .,  U  500        „  ., 

^^-^^^^^ =  h;  =  TTTTS  =  ^-^^ 

Tor  one  cylinder  acting  as  compressing   pump  and   wodting 
ider,  by  forranJia  13,  14— 
Bpaoe  swept  tlirougli  per  lb.  air  per  stroke — 

»,  —  0^  =  13-58  cabic  feet 

it  expended  per  cubic  foot  swept  through — 

■-.  ^  .  ■  =  3014  lbs.  on  the  aquare  foot, 

effective  pressure^ 

135Glb8.  on  the  Bqnaro  foot  =  9-42  lbs.  on  the  square  inch. 

Tor  at'pamtc  compressing  pump  and  working  cylinder,  by  for* 
ranUe  15,  IG— 
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MB  iwcpt  Uixougb  liy  ewh  piston  per  lb.  air  per 
p.  =  15-35  cubic  feet 
Re«t  expendHl  per  cubic  foot  swept  thnrngh — 
40»37 


I 
I 

I 

I 


■1  2666  lU.  on  the  square  foot. 


1300  IbL  on  the  sqture  focxt  =  8-33  lbs.  on  the  squiiei 


This  last  result  iUnstrat«s  one  of  the  pracdcal  difficnUies  st 
iog  the  use  of  air  engincB  in  which  the  changes  of  tempeiittM| 
tOM  effected  bj  means  of  changes  of  volume,  ria.,  the 
the  nwan  effeo  tve  presnuro  compared  with  the  tnaximnm 
and  the  a  naequ'*Qt  n«at  bulk  and  streaigth  required  for  a&  < 
of  a  giTcn  power.     In  the  sunpoaed  example,  the  excea 
TOftyitimm  pttMorei  p^  above  that  of  the  atmoqjhereif  is 

33313  -  311G  =  31196  Iba.  on  the  square  foot 

B  216*6  lbs.  on  the  square  inch; 

nud  the  sbicugth  of  the  cylinder,  and  of  other  parts  of  the 
must  be  adi^rted  to  sustain  this  great  pressure,  of  which  the 
effective  preasuie  is  onl^r  about  one  twent]r*sdxth  port. 

The  better  to  illustrate  tho  bulk  required  for  the  eof^e,  cm  Us 
Buppusitiou  of  there  being  a  scpaiate  compresing  pump  and  variE* 
ing  cylinder,  it  may  bo  ofaeer\'cd,  that  the  vcJutue  to  bo  svei^ 
through  by  the  piston  in  its  effective  strokes  ;wr  miitufe,  togivsiM 
indioaied  hcrm^wtr,  would  be 


33000 
1200' 


37i  cubic  feet. 


ST3.  PcrAn  Air  mmtjtmtm  witli    Resennnten,   to   Ceansl^ — I^ 

102,  Article  269.  may  be  taken  to  roprewnt  the  general  mae  oftto 
'liagrom  of  an  engine  of  this  clasa  A  B,  DC,  arc  portions  oftvo 
isothermal  lines,  being  cooimuu  hyperbolas;  A  D,  BC,at«partioal 
of  a  jtair  of  isodiabatic  lint's,  of  any  figure  whatsocTer,  but  ooo* 
nect^^l  t^i^-tlier  by  the  condition  explained  in  Article  270. 

Thu  t«truoture  of  a  regenemtor,  or  heat  ecouunmBrr  has  alrescE; 
been  pxplAiiie<l  in  Article  368. 

Tlie  operations  ■■"•'■""one  by  the  working  mass  of  air  in 
iv|>reBented  iu  the  '  follows ; — 


Ain  Ksanrc  wrrn  reqeneeatoh. 
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C  D  rcprcscDts  the  compreanou  of  tbc  air,  at  tbc  lower  limit 
>lut«  ttfrnjiemture  v,^  the  heat  prodnced  by  ihe  comjireiBii 

aloftntctud  by  &  ivlri^oiutiDg  ufijianiUts  of  itumo  kiucL 
'A  ifpi'caentB  the  series  of  changes  of  prewure  and  volume 
_  JDO  by  tbc  air  iu  passing  through  the  grating  or  network  of 
ngenentor;  vhicJi  having  be^'n  previonAly  hi^tmi,  gtvee  out 
of  bval  to  the  air  to  raiw  it  to  the  higbur  limit  of  absol 
ktttre  V). 
Ji  B  represonte  the  expanmon  of  the  air  at  the  abaolutfl  tem 

B  C  repreaeDtfl  the  series  of  changes  of  pressnTo  and  voltune 
[one  by  the  air  in  passing  back  ogulu  throttgli  thu  gmtiug  or 
of  the  regenerator,  to  the  material  of  which  api>anitus  U 
out  80  much  beat  as  to  lower  its  owu  absolute  teui|><.'rttC\LNl 
c-^;  and  that  heat  remains  st4^rcd  in  the  regenerator  until 
U)  misc  the  teraporatun;  of  tin?  air  at  thu  iiv.xt  stroke 
'  thus  storing  and  restoring  a  certuiu  quautity  of  huut,  tfi 
lowering  and   raising  of  tlie  tt'inj)erature  of  the  air 
without  the  expenditure  for  that  puri>aee  of  any  heat  from 
i,  except  BDch  as  is  required  to  mipply  the  waste  of  heat 
occurs  in  the  n^ncrator;  that  wnst«,  according  to  cxperi- 
bcing  from  mw-tmih  to  one-tuxiUuih  of  the  whole  qnanti^  of 
It  reqnired  to  rai«o  the  tempernture  of  the  air  at  each  stroke; 
liich  i|uautity  uf  heat,  per  pound  of  air,  has  the  following  vali 
v/bot-pounda : — 

130-3  (»,-^=fcj"prfr; (I.) 

wiiicb  /  ;>  (/ V  denoites  the  area  botw<H-n  ono  of  the  iaodinbatic 
{aa  A  D),  and  tho  ordinates  let  fall  from  its  ends  perpendicular       i 

OX;  and  that  area  is  to  ^^^  |  ^ubtn^ted  } "*^"*^  ""  1 1) }^J 
>  tbe  farthiT  from  O  Y.  ^^ 

(F(w  an  adiahaUc  line,  the  expreiuinn  1  becomes  =  0).  ^^ 

u  the  air  ciu;iii£a  which  have  been  used  in  practice,  the  vxigM 
'^if  material  in  me  regenerator  appearn  to  have  bem  about  forijf  timm 
XAtf  weight  of  the  airpamed  throw/h  ii  at  one  stroke. 

The  foruuhe  for  the  relatioriH  amougHt  the  pressoree,  vohimm, 
And  ttxnpemtnres,  for  the  expenditure  of  heat  in  expanding  the  air, 
the  energy  exerted  per  lb.  of  air  per  stroke,  and  the  eiHciency,  are 
the  aome  with  chose  in  the  last  Article,  except  that  the  ratio, 

^  _|>  _^  .^  _  Tl  .'•, (2.) 

>hidi  in  ou  enpne  without  a  regenerator  is  fixed  by  equation  4  oC 

3a 
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Article  272,  becomes  arbitmry  in  an  entrino  vrith  a 
Hence  all  the  t^juations  of  Article  272  Lold  in  the 
exc«]it  4  and  ita  cotiacqaeuoea,  viz.,  5,  6,  13.  aod  H; 
wliicu  wo  have  amplj  the  rdations  given  iu  the  formuU  13  oft 
protDt  Article. 

Tbe  Tolame  swt^  throngfa  by  the  piston  per  poonditfairsti 
stroke  cannot  be  lev  tiiau  the  diffureoco  between  the  gmtatl 
least  voliimea  of  the  air,  and  may  be  greater  to  an  extent  i 
on  the  Htructiuv  and  mode  of  wuHiiog  of  the  particular  i 

Fartioilar  caaea  of  that  Rtniotura  and  mode  of  vorl 
cottiidercd  in  subst^ucut  Articles ;    meanwhile  the 
eoergy  of  two  of  tUo  more  important  caeea  ore 
view  in  fig.  lOa 

In  that  figuroi  A  B  A'  B*  ia  tbe  isothermal  line  of  thdj 
limit  of  temperature,  and  D*  C  D  C  that  of  the  lower.    A 


k 


Fig.  lOS. 

aro  a  pair  of  adiabatio  curves,  so  that  A  B  C  D  is  a  diagram  &r  i 
caM  gdroady  oomidered  in  Article  272.     D  A'.  C  B*.  are  a  pair^ 
Rtraight  lines,  each  corresponding  to  a  constant  pressure ;  to  i 
A'  II'  C  D  is  the  diagi-am  of  an  en^ne  in  whicli  tbe  cfaangts 
tomi»erature  tafco  place  at  constant  pressures.     A  iX,  B  C,  araj 
]mir  of  straight  linua,  each  corresponding  to  a  constant  rolunie; 
that  A  B  C  D'  it)  tho  diagnim  of  an  engine  in  which  the  chaogfl* 
toinporatun!  take  place  at  constant  volumes. 

274.  Vtm.pvtmmn  ClniBBea  at  Commbm  ■'w—m  —  Kiitmw^ 
■■■la».~To  illustrate  tbe  stnicture  of  fnginna  whose  diagiam 
nppmximiiti?  more  or  less  closely  to  A'  B'  C  D  iu  fig.  103,  a  Sct^ 
ni  the  principal  parts  of  Captain  Eric&wn's  air  engine  (aa  uflod 
about  the  year  18d2)  ia  given  iu  li^.  104,  which  is  a  vertical  aectioi 
of  a  aingle  acting  land  engine  of  that  kiad. 

B  is  the  working  cylinder,  placvd  over  the  furnace  H.     Tlii* 
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cylinder  conaisU  of  two  parts;  the  iippor  pwt,  accurately  turned, 
in  vhich  the  piAton  works,  aad  the  lower  part,  less  accurately 
made,  anil  of  somewhat  larger 
diameter,  in  wliioh  the  air  re- 
eeiTes  lieat  from  the  fiimace. 

A  is  the  pi»ton  ot"  tiat  cjUu- 
dcr,  coiuiistingof  twopart&  The 
upper  part  is  accurately  fitted, 
aud  provided  with  metallic  pack- 
ing, lio  as  to  work  uir-tij^ht  iu  the 
upper  part  of  the  eylimlor.  The 
lowcrr  part  i^  made  of  the  Fame 
tha.pe  with  the  luwcr  port  of  the 
cylinder,  but  of  lesH  (limensions, 
BO  A9  nearly  to  fit  thu  cylinder, 
bat  without  touching  it.  This 
lower  part  is  bulluw,  and  ia 
Blled  with  brick  dust,  fragmenta  _. 

uf  fire  clay,  or  some  such  dow 

conductor  of  heat  The  object  of  this  is  to  resist  the  transminioii 
of  beat  to  the  upper  pai-ts  of  tb^  cyliuder  and  piston,  and  especially 
(o  tbfi  packing,  in  order  that  the  bi-oring  sutfaces  of  the  c}'linder 
and  packing  may  be  kept  oool.  The  cover  of  the  cyliuder  B  has 
uHea  in  it  marked  a,  to  admit  the  external  air  to  the  space  abora 
the  piston. 

D  ifl  the  compressing  pump,  being  a  cylinder  standing  on  the 
Qover  of  the  working  cylinder.  C  is  the  piston  of  the  compressing 
mmp,  connected  with  the  piston  A  by  three  or  by  four  pinton  rods, 
at  which  two  are  shown,  and  marked  d.  The  apace  below  the 
[listou  D,  and  above  the  pLfton  A,  forms  one  continuous  cavity, 
sommnnicating  freely  with  tlie  external  air  through  the  holes  a. 
E  iB  the  upjwr  piston  rod,  by  wliich  the  pistons  C  and  A  Jin»  con- 
iected  wiUi  the  mechaniHm.  That  rod  traverses  a  staffing  box  in 
iie  cover  of  the  cumprcwing  inimp. 

The  compression  of  the  air  t«kt»  place  in  the  upper  part  of  tlio 
lompreaKiug  pun][i.  The  air  enters  through  the  admission  cla*:k  c, 
■  next  compressed,  and  is  then  forced  through  the  discharge  clack  0 
mto  a  receiver  or  magazine  of  compreaaed  aii',  F. 

O  ia  the  regenerator,  being  a  box  ooDtaining  several  hiyers  of 
i:ze,  which  are  traversed  by  the  ur  when  it  enters  and  learea 
T  !-ing  cylinder. 

0  irt  the  induction  valve,  and/ the  eduction  valve,  both  worked 

'  the  niechiiuism  of  the  engine.      Wlu-n  6  ia  opened,  air  is  admi^ 
I  the  receiver  F  through  the  regenerator  into  the  cylinder, 
Uio  pifiton  A    Aflcr  a  portion  of  the  stroke  Uaa  \ic«a  4 


4 


»» 


^  to  fig.   103  m  tfo  iMk  Artidc^  the 
be  takes  to  rppfiw^l  fte  aetioa  of  0110  Dl 
ifa  in  Ihim  engiDc,  wWa  Ae  MnfilitMis  of 
m  given  limibi  of  ttmaaatan  sn  ftilfilled. 
A'V  «B  B^ndBCto  F.     Thca  B  D  C  F  is  Uxs 

panp,  and  E  A'  R  F  tk  £ignm  of  tW 
F  C  KfRaentB  the  admiaaoti  of  ihe  ur  fruto  the 
■to  the  eonpreuiag  pump  at  the  xbiiaitpbcTi«  prKannf^j 
coafnaaaa  in  Uii^  pump  at  the  eooataat  absoltiiv  MD- 
^  wUlSl  ibi  preKarc  is  raind  to  jv^,  tlw  bnt  prodooil  bji 
h«  Inog  dt9si[At4<d  by  conduction,  or  tiiun  a*ijf  q* 
ting  ^iparatna     Owing  to  the  elontioo  of  i«ii^a» 
in  order  to  oauao  tlm  host  to  be  gtren  mit  as  np^ 
Dcd, «-,  IS  aJwajB  higher  than  the  tempemtuw  atm 
bttk  to  iriiat  extent  is  imoertain. 

the  expolsitHi  of  the  air  from  ^  ooiDpr«Bi| 
Ma  TMnTcr. 

•Iwaaon  of  tho  air  into  tliu  vorkiuj;  cylinder,  wiut^ 

through  the  re|(tmcralor.  its  absolute  tampemttm  i 

,  i^  aad  its  Toltuae  increased  fivm  r^  to  p^  ~ 

kr  1^  the  cperatioua  Tvpresented  by  D  E  and  E  A' 

,  vithont  any  sensible  fiilliug  off  in  the  preBsure, 

1«»  b»  (ripfc,  or  still  better,  quadruple  (like  that  ^AiA 

"Eriosson"),  couaistiuK,  in  the  Utter  caA 

each  with  its  own  coni[irca8iug  puiap^  lU 

and  oomuiuuicutiug  ynih  the  same       '  ' 

in  sacceeaion  at  intervals  of  a  q 

iwnuigenient  is  doHimble  also  in  order  to 

-.  thi'  rxiKUision  nf  the  air  in  the  working  t^lindn 

)tacut  off,  at  the  constant  absolute  tempentun 

rtbu  aUnoflpheric  proSBuni    The  ba| 


I 
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M|Diied  for  this  expansion  is  supplied  by  the  furnace  through  this 

MUiUi  of  the  cylinder. 

L^  V  represents  the  final  expulsion  of  the  air,  in  the  course  of 

Hncih  it  traverses  the  regenerator  in  the  reverse  direction,  and 

^mfers  to  the  wire  gauze  a  quantity  of  heat  which  is  used  at  the 

Hrt  stroke  to  raise  t£e  temperature  of  the  next  moss  of  air. 

f*  The  following  are  the  formulse   appropriate  to   this  class   of 

l*|pieB:— 

*  Data. 

~ .  f],  temperature  at  which  heat  is  received  by  the  air  from  the 

Ikuce,  and  the  air  expanded. 

'/  r^  temperature  at  which  the  air  is  compressed,  and  heat  ab- 

E/a  atmospheric  pressure,  if  the  engine  draws  its  air  directly 
IJHn,  and  discharges  its  air  directly  into  the  atmosphere,  as  in  the 
Ikpne  just  described. 
r,  ratio  of  expansion  at  constant  temperature. 

Results, 

dl  of  which  have  reference  to  oTie  stroke  o/oTie  pound  o/air,  pres- 
bnres  in  pounds  on  the  square  foot,  and  volumes  in  cubic  feet — 


PrestttreSf 


Volvmea, 


53-15  T, 


.(3.) 


1>' 


r,  =  ->  r,  = 


53-15 


'»< 


*  „  '1 


(3.) 


«^=-:«.  =  V  =  .t"'     ■ 

TkermodyTuimic  function,  as  in  Article  272 — ■ 

*»-*.  =  5315  hyp  log  r  =  122-38  com  log  r (4.) 

Expenditure  ofJieat  in  expanding  tlie  air,  as  in  Article  272 — 

Hj  =  122-38  rj  com  log  r (5.) 

Heat  reeded  during  Uie  com.pressio'a  of  the  air — 

H2  =  122-38  ^2  com  log  r (G.) 

Mechanical  energy,  as  in  Article  272 — 

U  =  122-38  (rj  -  Tg)  com  log  r 
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S^idmey,  tupptmng  no keal  imtkd,  ts  in  Article  Ttt— 

w-'^ -W 

lleiU  atortd  and  mtcrvd  hy  regenenUoT,  in  footrlba. — 

K,  (r,  -r^=  1M«  (-J  -  ^ (9.) 

If,  oocDlxIing  to  Mr.  Biemons's  experiroenui,  muf'tteeoti^  tt  \ 
qtuntity  of  licat  u  wasted,  thu  efficiency  wQl  be  dunimshed  to 

tH.^9-lM..-^ <"^' 
But  from  exi>erimoMt«  modo  lij  Professor  Norton  od  the 
J^idpOD,"  it  seecDa  [mbable  tbat  the  waste  in  the 
Mi  'Mm  Doarly  om4«nM  than  one-twentieth  of  the  h«it  st 
•ad  tu  tKat  CMS  «o  have  for  the  diminished  ettidency 

Hj+ 18-35(^1 -n) *"***^ 

Volume  $w«pt  rAnw^A  by  the  piston  A,  per  |x>uud  ti£  air 
itroke — 

=  f. (a)i 

JfM»  ^tetive  pivtwrt,  per  unit  of  area  of  tlie  ]>i8ton  A — 

^  a  p.  •  5-^*  •  hyp  log  r  =  2-3026;;,  •  ^1^^  com  log  r..,(13 

Uml  apnuM  jw  etibk/oot  stoe/jt  tkroitght  not  including 

— i  ssp^  hyp  log  r  =  2-3030  p,  com  log  r. (13.)| 

tW  ■un<\  with  ihc  ad<Ulion  of  the  suppoacd  waste  iroro 
ftlMMwtar— 

-A(a-3026  com  log  r  + 3-451  m^^-ts) (U,)' 

."U  which  is  wnst^'d  of  thu  whole  hmt  stored  by  thr 

,v^T>  ■•    ^viuft  trvm  ouo-t«nth  to  onc-twentietb. 

^  1^  i^toving   ntimfTtcnl   example,   the  proportion  of  the 

;;*•>*<"■  **'  *■*>•*  wnii»rwwing  piimp,  n  :  r„  and  the  ratio  of 

*^^i«W"»'''"^'  *^**"  of  llicnirriiginf»rfthe"Eric*wu/ 
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the  tempentures  of  receiving  and  rc-jcctitig  lioat,  and  tlie 
ric  preaBore,  ore  merely  atsiinicd  aa  pmbiible.     Tlio  waste 
kt  in  tlie  r^enemtor  in  tumumtKl  ut  oue-tuut^L 

Data. 

Ti  =  413''-6;  Ti  =  874''-8j 

p,  =  2116-4; 


#■=1-54;  J  =  1-5. 

Resitlts. 
p,=  2116-4;  P4=p»-  3259-3. 

v«  ^  14*65;  v»  (greatest  rolmne)  =  21-97; 

T^=:9«;t..=  14-27. 

tic/unetum — 

•^  -  *.  =  122-38  X  0'1876  =  22-95. 

Foq:-\}m. 
lieai  o/wpoTwwn, H,  =  874-8  x  22-95  =  20077 

^^u                .                  183-45  x2yr-6        __- 
wasted  by  regenerator, ..» — riz =    0349 


Whole  heat  expended  p6r  Ib.of  air  per  stroke, 25436 

Healryeeted, Hj  =  583-2x  32-95 

Jfe^anuxU  energy  per  lb.  air  per  stroke^ 

U  =  29r-6  X  22-95 
E^ciency  ofjluid,  supposing  no  heat  wasted,  J. 
Efficiciicy  ofjtuid,  eatimnting  heat  wmtc-d  aa  above — 
6602 


13385 


6693 


25426 


-.  =  0-263. 


B  Mtan  ^Ktive  prtinere — 

CRQI 

^T-^^l-  =  305  lbs,  on  the  square  foots:  2>13  Ibe.  on  the  tt\)i2iK^    ' 


■A  c/ 14  fcct  tn  iliiiifliii.  »  tkaft  Um  >ii]ii  am  of 


IM  X  4  =  file  squMv  feat. 


ki«aoriftMfa 


ft  leeC ;  tba  ntunler  of  rvwlatiMi 


■floetdin^ to  tbe  wJaarv  oonpatataonvf  Ail 
ynamurCf  ihm  taergj  cxcrtc«]  by  the  fltdd  oo  the  pwai 


30^  <  616  K  6  M  9  s  10,143, 


307uiaiatec 


'Buaotvi 


ur  307  indicated  hotse-fovK 

In  rrofenor  Norton'i  irport,  the  indicabed  liom>-|»tnr  I  Mg 
or  titan  ei^iB««  is  atatcd  U>  have  been »  / 

Diflferenoe, 

Votume  to  be  tuxpl  ikrangk  by  th«  workirtff  pidona  ^  m 

33000       „  ^      . .    , 

-a^y-  ^  108  cnbic  foet  per  mmutc ; 

by  tlio  vomynvMing  pixton^  72  cnbio  fe«fc  per  minute^ 

TltM»  rmttltA  kHow  t)io  cxccsitive  bulk  of  the  air  engines  •(< 
"  Kvii^Mtiu"  ill  [ir»]M)rtti>ti  to  their  power  j  being  the  chief 
lt\  ill.  ii-  ..«•  f,>r  mariuu  pmuuluou. 

>  til  IViPi-wtur  Norton,  the  qnontity  of  fuel  («nrt 

^^•K.-.i,.,,^.  .t.  ili;'^.-  rit'^i:ifs  por  indicated  hors<>-i>owcr  per 

1-87  lb. 

Hid  flvKK  for  tlio  </Mfy  of  ono  lb.  of  anthrodto, 

Mi'^w*  =  ,.050.000  f„„t-iu 

rot 

■ft  l^dwkJo  niUmat«>  of  th(*  tbcecvtioal  erdporHtive  power  of  I 
■'■*  ■  11^  ii  14  Iba.  of  water  erapotatvd  from  and  at  !" 

•■<■*  Uw  mwhamoal  equiralefit  of  the  touU  liutt  ut  cau- 
"f^frW  ^4  I  lb.  of  iho  fuel 

10,440,000  foot-lbi. 
^^tu-v  Die  rwitlttnf  ^fiameff  of  tbo  funMoe  and  fluid  anpMal 


Tt 


l.W9,000 
101440.000  -  "  *""•• 

:r  of  the  flttkl  has  ahvadr  \*cm 
l2t«  protttUe  dSatncf  V  the 


AIR  BfO 


'rWCSSOJT/ 


oaqu 

0*263 


=  04  nearly; 


equal  to  the  lowest  efficiency  of  steam  boiler  liinuioea. 

iMAtiug  snrfacG  in  the  engLDes  of  the  "-^  Ericstiou  "  oon&itited 

of  Uie  bottoms  of  the  cyliorlers,  and  amounted  in  round 

to  about  700  tiquare  fetrt     TLc  consumption  of  fuel  ]ier 

rju  5C0  !!>&     Employing  these  datn.  in  eqwitiou  2  of  Article 

'  and  making  B  =  i  1,  A  =  0-5  (or  tiikiug,  iu  the  table  of  \tage 

5,  Uh*  tflirifiioy  corn*K[ionding  to  8  -4-  K  =  1*25),  we  find  for  the 

of  a  gicam  boiler  furnace  having  the  uame  area  of  bcatiug 

and  burning  ftitl  at  tho  utamn  rate, 

0-71. 

difference  between  this  and  04  must  I>o  ascribed  to 
inferiority  uf  air  to  ("jiliiig  water,  sla  a  medium  for  the  eo: 

It  apiKMTH  from  the  preceding  calculations,  that  notnithstandin. 
i»  low  efticieney  of  the  furmtw  in  Encswn'a  air  engine,  the  el" 

icy  of  the  fluid  frna  so  great  as  to  giro  &  resultant  eflicion 
■jjerior  to  tliat  of  almost  all  steam  eugine«  at  tbo  time  of 
leute  referred  to. 

difficulty  arising  from  the  great  bulk  of  the  ciigino  oontpi 
[lowcr,  miglit  tie,  and  probably  has  Xms'xi  already,  obria' 
^meartAin  extent,  by  making  the  engine  dmw  its  supply  of  air 
and  deliver  lliir  nir  from  the  eduction  val%-e  /  into,  a  nocnnd 
eirer  irontainitig  ctimjnreaard  air  at  a  lower  prusauru  than  tliat  of 
I  air  in  the  receiver  P.  In  tliis  ease,  p,  =/>»  would  denote  the 
ire  of  the  air  in  tho  necond  receiver,  exceeding  the  atmo- 
ric  prt'&sure  in  an  ai-bitmry  nitio ;  j>^=j)^  =  rp„  as  l-ifoi-e, 
Id  denote  the  pivssure  in  the  firrt  receiver  F;  and  the  mean, 
t-ctive  pressure  would  be  incrvBiwt.l,  and  the  sjiacc  to  be  swept 

High  liy  the  piston   prr   horse-power  per  minute,  and  oonae- 

iamUy  th«  bulk  of  tht.>  engine,  would  bo  diniiniahed,  iu  the  rfttio^M 

fp,  lo  the  atmuspherie  pressure.  ^B 

The  encjiie,  a.^  thus  iJtered,  wonid  require  to  be  prr*vided  with  a        ' 

oall  cumpreHsiug  fc«:d  pump,  to  dmw  from  tlie  utmnHpliere  and 

>rco  into  tbo  Booond  receiver  enough  of  air  to  aupply  tuo  loss  by 

ikagr. 

A  ri'frigemtor,  oonMstinc  of  tubes  with  a  current  of  ccM  w» 
thnmgh  tliem,  or  other  suitable  ap[«imtU3,  wnuhl  Ixi  iit;ed» 
,  order  Ut  alittracl  fmm  the  air  pa--«ing  from  the  n-genemtor 
10  M»cond  ivteiver,  the  bent  which  the  regeucmtnr  fnil^  t.i  .il)*itnil 

it,  by  reawn  of  tlie  impei-ftxrtlon  of  its  actioiJ     I  •■■ 
le  waste  beat  of  the  regenerator  already  refern-nl  lu. 


3C2 


ffTEAV   An>  OTKKR   HKAT  TSaVfBS. 


It  might  abo  be  neceeauy  to  surround  tke  compreasing 
wHh  a  cuing  coutainisg  a  cnmrnt  of  cold  vuter.  In  awtnct  dp] 
heat  prodocnl  by  the  oonipreasion  of  the  air ;  bccanae,  owing 
the  dimini.'Oied  size  of  that  cylinder,  tlie  alistiBction  of  the  beat 
means  of  ita  contact  with  the  uxtenial  air  might  not  be 
npid. 

Some  me&Ds  would  hare  to  be  adopted  to  augment  the  hcattog 
sor&oe  exposed  to  thr-  furnace  hv  the  workiog  cylinder,  vitboot 
inconveniently  increaaing  the  qiace  occupied  by  the  engine, 
contriviinco  i)ropoeed  for  that  purpose  will  be  described  at  the 
of  the  npxt  Article. 

275.  TrBBp«r»tnrc  CbiUMT*!  «>  CtfMMuii  Talamv— Hilrils^ 
—nmptrr  mmI  R«aUii«>«  Air  HrNUy. — In  fig.  103,  Article  273, 
A  B  C  D'  represents  the  diiignnn  of  a  jjcrfect  engine  of  the  cU" 
now  under  consideriition.  A  B  irpreMOtl 
the  expansion  of  the  air  at  the  cauBtUt 
absohito  t4-iiL{terature  r, ;  B  C,  the  Imnr- 
ing  temperature  of  the  air  by  tnuifauarai 
through  a  regeoerator,  at  tlie  coiutuit 
volume  r,  =  v, ;  C?  D*,  the  cnmpredsioiD  af 
the  air,  at  the  ooostaut  absolute  tempciii- 
ture  r^;  D'  A,  the  raiiting  the  terapetaton 
of  the  air,  at  the  cooatttut  volume  ««  =^ 


Fig.  105. 


Tliis  mode  of  regiilating  the  opt-ralioiu 
undei'goiic  by  the  air  is  suitable  fur  tu 
engine  in  wluch  the  same  individaal  m* 
of  air  is  kept  constantly  confined  within  an  cucIomkI  ^paee  tf 
Taiiable  volume :  un  arrangemeut  favourable  to  oonipactiiesa>  M 
the  air  can  be  used  at  aoy  pressure  coii8i.*itent  with  safety.  T« 
show  the  general  nature  of  the  apparatus  by  means  of  wluch  thr 
air  is  no  tixatcd,  fig.  105  in  a  vertical  ucctJon  of  the  priocijal 
parte  of  tlie  air  engine  invented  by  Dr.  Robert  Stirliog,  nil 
improved  by  Mr.  Jamca  Stirling.  DCABACD  ia  tbefcir 
receiver,  or  heating  and  cooling  veaael;  Q  is  the  cylinder,  with  lU 
piston  H.  The  receiver  aud  cylinder  commuoicate  freely  throng 
tlio  nozzle  F,  which  is  at  all  times  open  while  the  enginp  works. 

Within  the  receiver  is  an  inner  receiver  or  Uuipg  uf  a  similar 
figure,  so  fai-  aa  it  extends,  viz.,  from  B  to  C  C.  Tlie  liemts|thcnml 
bottom  of  this  lining  is  pierted  with  many  small  holes,  and  tbt 
«nacc  between  it  aud  the  bottom  of  the  outer  receiver  is  %-ncant 
From  A  A  up  to  CC,  the  atmular  space  between  the  oiit^T  rccei<r« 
and  itfi  lining  coutaius  the  regenerator;  l>cing  a  grating  composel 
or  a  aeries  of  thin  "vertacaX  o\Aou^  v^.n'^'  <A  tait^  or  glaes,  wil^ 


between  them.     The  inner  enrface  of  the  cylin- 
jxirt  of  the  lining,  from  A  A  up  to  C  C,  is  tiinied,  and  thej 
Qger  E  moves  vcrticully  np  anfl  down  witliin  it,  fitting  eaiilyv . 
» to  leave  tho  least  space  |xwsible  without  cnusing  perceptible 
tiun.     This  plunger  ia  hollow,  and  filled  vrith   brick  dust,  or 
Ifl  Huch  ftlow  conductor  of  heat. 
lie  Epace  from  C  C  to  D  I)  between  the  barrel  of  tlie  receirc 

the  Concave  port  of  lU  cover,  and  above  the  upper  edge  of  the 
ug,  oontaina  the  " refrigerator"  which  consists  of  a  horizontal 
of  fine  copper  tube.  thn)u};h  which  a  current  of  cold  water  is 
ed  by  a  pump,  not  shown  in  the  iigure. 

liere  ia  an  air  compressing  pump,  not  shown,  which  forces  in 
nozzle  F  enough  of  air  to  supply  the  loaa  by  leakage, 
he  heininpherioa.1  bottom  A  B  A  of  the  receiver  forms  the  heat- 
■urfacti  which  is  exposed  to  the  furnace. 

he  efiect  of  the  altcruHte  motion  of  tho  plunger  E  up  and  down 
» transfer  a  cei-tain  nuuui  of  air,  which  uuiy  be  called  tlie  working 

alternately  to  tho  upfter  mid  Iowit  end  of  the  receiver,  by 
iag  it  pass  up  and  down  through  tlie  rp^tmerator  between  A  A 

CC  The  iM-rfomted  heuiispherical  lining  of  tho  bottom  of 
reociTer  cauae^  a  difliiKion  and  rapid  circnit»tion  of  the  air  aa  it 
M  into  the  lower  end  of  the  niceiver,  and  thm«  fueilitates  the 
reetion  of  heat  to  it,  for  the  purpniie  of  enabling  it  to  undergO'i 

exiMinston   rujiruiiuTitcd   by   A  B   in  fig.   103;    during   whic" 
uaiun  it  liJVi  the  pi^tton  H.     The  de.scent  of  the  pinnger  cunii>eH 
tar  to  return  ttiruugh  the  rt^cuerutor  to  the  upper  end  of  the 
iver.     It  leaves  the  greater  ]M»rt  of  the  heat  coiresponding  toi 
IBDgo  of  temperature  tj  —  r^  stored  in  the  plates  of  the  r^ea- ' 
or.     The  rc^mainder  of  that  bent  (being  the  heat  wasted  by  the 
orfcct  action  of  the  regenerator)  in  abstracted  by  the  refrigerator, 
?h  also  ub&tracts  tlie  heut  pfudueed  by  the  cumjiression  of  th»j 
irben  the  piatou  H  deacenda.     Tho  heat  stored  in  the  regoneni- 
Krves  to  ruise  the  temperature  uf  tlic  air,  when,  by  the  liliiug 
be  pinnger  B,  it  ia  sent  back  to  the  lower  end  of  the  receiver, 
he  mechanism  for  moving  the  plunger  £  is  so  adjusted,  that 
np  stroke  of  that  plunger  takes  place  when  tho  inston  H  ia  atj 
ear  the  beginning  of  ita  forward  stroke,  and  the  down  stroke 
plunder  when  the  piston  il  is  at  or  near  the  beginning  of  itB'' 
:  stndce. 

be  diagram  represents  a  single  acting  enf^e.  In  a  doiil 
og  en^ne,  the  other  end  of  the  cylinder  U  is  connected  wit] 
her  air  receiver  similar  to  that  shown,  and  the  plungers  tif  thi 
receivers  are  made  to  move  in  opposite  directions  to  each  Dther. 
the  worHng  air,  there  is  obviously  a  mass  of  ai' 
lUB  np  and  down  through  the  regeneTaCor>  but 


$u 


siEAX  Ain>  ormtR  hext  ntfiixcs. 


pumnti  into  and  out  of  the  cylinder  G  and  oatde  F.    TKl- 

nir  remains  alwajTS  nearly  at  the  lower  alwolnte  t^  i 

and  bi  not  tlie  uii-aos  of  truiusformiog  heat  to  lucch  - 

but  mrfffly  of  transmitting  preaeure  and  motion  hetv,  < 

inf;  uir  and  the  pitiluu.     The  pkton  and  cylinder  Win. 

ttuu  bo  luWicAted  uith  oil  vithont  thn  ri&k  of  iIiK^infakaiK};  it,  aol 

the  ])Uton  rod  can  be  uuulc  to  work  through  »  Icatli'T  r-nWzr.    (F** 

detailfi  rcq>ectiDg  this  engine  8«e  Proowi' 

Civil  Engineera,  1854.) 

The  general  theory  of  the  ftotion  of  a  n  : 
heat  en^ne  UK  a  ctuAton  between  thcworkii   ;      i  '  l 

has  already  been  given  in  Article  262.     The  application  of  tbtt 
theory  to  the  present  case  is  shown  in  fig.  IDG. 

LotABCDbetliereal  diagiiB 
of  ono  lb.  of  tho  working  mus  uf  j 
air,  so  that  P  B  =;  Q  C  =r»=:c'.R> 
IH'esents  its  greatest  volume  in  cult' 
feet  per  1V».      This  rf-jiKw^oU.  tb* 
space  below  the  plunger  of  the  n* 
cciver  when  it  w  at  tlio  t>pof  tu 
stroke.     Add  a  space  ef)ual  to  tiv 
volume  of  the  ftir  coutuiued  io  Uie, 
port  F,  in  the  clearance  belov^ 
piston  H,  in  tho  spftoes  between  tho  coils  of  the  reGrigctnting 
and  in  those  of  the  upjier  half  of  tho  regenerator ;  th«  snm 
the  whole  apaoi>  (il1>-d  with  air  when  tho  piston  H  is  at  the 
itB  hack  stroke  and  beginning  of  its  fomrard  stroke.     Throi^ . 
draw  N  I  parallel  to  OX  to  represent  that  space ;  then  A  I  rvpfv ' 
scuts  the  volmuc  of  tho  ciialiion  air  whou  it  is  under  tlic  grosMl 
pressure.     !Muko  N  E  =:  A1,  atid  make  £  F  H  G  an  isothet9«Lj 
cm-ve;  tlwt  ih,  &  common  hyjicrbnlu,  tho  product  of  whose 
guLir  co-ordinatcst  oU  x  N  E,  O  P  x  P  F,  kc,  is  tsoiutuit 
PBF,  R  D  H^  0  G,  poi-alld  to  O  X,  and  make  FK  =! 
D  M  =  RTt,  0  L  =  £j  G;  then  K,  h,  M,  and  the  point  I  for 
found,  will  be  the  cnmera  of  the  actual  diagram  of  the  cylii 
and  any  nnmher  of  interme<1iate  points  in  that  diugrun 
fonnd  in  a  similar  manner.     The  vdunu  to  ba  »foepl  thro%tgk  < 
piatcn  per  pound  of  air  per  etroix  is  represented  by 

qT-STT 

The  nilio  of  tho  weight  of  the  cushion  air  to  tho  weight  of  tbij 
working  air,  being  that  of  the  volumes  of  those  manett  of  uir  at  m 


Fig.  lOS. 


name  t4un|ierature,  is 


iJlSfQC. 


snnuNo's  air  exoine.  3G7 

-^ (U.) 

qoantides  taken  as  <iata  in  the  preceding  set  of  fonaala  are 

irbicb  would  probably  be  given  for  a  proposed  engine!.     In 

i^caae  of  an  oxistiDg  engine,  and  sometime:!  iu  the  olsq  of  a  pro- 

"  engine  alao,  the  ratio  of  expansion  r  may  at  first  be  unknown  ; 

iiuitead  of  it  tlieao  may  be  given,  the  proportion  of  the  space 

through  hj  the  piston  to  the  s[Mce  swept  through  by  tho 

\'iz., 

In    this  case,  the  following  formnla,  deduced  from  equation  13, 
[nrree  to  determiuo  the  ratio  of  expausiou : — 

-,^,{r:(^'+o+'}> w 

baviog  been  found,  all  the  formulic  can  bo  used  as  already 

In  the  following  numei-ical  example,  the  data  are  taken  from  tho 
Kwount  by  Mr.  James  Htirttng,  in  the  Proceetlingii  ofUi«  InstxttUion 
vf  Civil  Engineers,  for  1845,  of  au  air  enj^ue  wluch  worked  for 

feral  yearn  at  the  Dundee  foundry: — 

Data. 

T,  =  650<'i  rj  =  lUr-2. 

Ts  =  150";  r,=  611-2. 

p.  =  240  X  U4  =  34,5t;0. 

q,  roughly  ecttinated  at  O-OS. 


Uesiti.to. 


=  j^  {  0-55  (0-5  +  0-05)  +  I  }  «  1 -24. 
/■,=  27870;  p,  =  15330;  p^  =  19000. 
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f.  =  Wj  =  1-709 ;  IV  =  V,  =  21 19. 
f*-f,=  l23-58  «  0-09517  =  11617, 

laleutlicatufcxijutuuon, Hj=  11*6^  x  UU3ssll>9U 

Watte  heat  of  regenerator, 13x500=   0^0 

Wliolu  heat  expended  per  lb.  of  air  ]wr  stroke, 10442 

Bigectod  heat, Hj=:ll-647  x  611-2        TI» 

Mechanical  energy  per  Ibt  air  per  stroko— 

U  =  ll  647  x0OO=   :f^ 

SJicimcv  t/Jiwd-        ^j^3  =  0-3. 

Volttme  Bwept  ly  jiiirtoii  per  \h  of  air  per  tstrokc — 

tv-ri  =  3n9  -f- 2  =  1-06  cubic  feeL 

Jfean  iffective  preuttre — 

V  5823       ,.„.., 
^  -PTw.  ^  543(  lbs.  on  the  square  foot 

^  37*75  lbs.  on  the  squaro  iiidi. 

The  ongine  to  which  these  calculatiooB  refer  waa  doubli?  aeaaf, 
with  a  cylinder  of  16  incheM  <liameter,  and  4  feet  l«ngib  of  Btn)k>- 
umking  2H  revulutions  per  aiinute. 

Heuoe,         area  of  piston  s=  200  square  inch«fl ;  and 

Energy  exerted  by  air  on  piiiton  {ler  minute,  as  fouml  by  adciil*- 
lion — 

s  37-70  x200x4x38«2=  l,601,2OU  ri>ot-lbs. 

The  work  octmilly  performed  against  a  friction 

brake  dynfttooiueti'r  pf^r  mimito  was, 1,500,000 

And  the  work  |x*i'fi>nm'd  agaiti.st  the  &-iction  of 
the  engine  when  nnloadiil,  having  been  found 
to  be  ouv-ninth  of  the  useful  work,  or. 166,667 


The  energy  exerted  by  the  air  on  the  piiitou  per 
minute  is  found  from  the  experimcnta  to  have 
been 1,666,667 


Tlie  difference  between  theorj-  and  expeiimentf... 
in  praoUcolly  tuiiuiiwrtouL 


34'3iJ 


sniactos  air  xxaijiB. 
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work  expended  on  the  friction  of  the  engine  is  estimated  at 
ith  of  the  whole  energy  exerted  by  the  air;  because  it  waa 
^md  that  when  the  r^eivers  were  chnrged  with  air  at  about  one- 
Bill  of  the  ordinary  working  density,  the  jxiwer  of  the  engine  was 
Mtt  snfficient  to  eiud>le  it  to  move  unloadod. 
fThe  following  is  a  comparison  between  theory  and  oxperinient, 
to  the  qiuuitaty  of  heat  abstracted  by  the  rtifrigfrrating  appara- 
«: — 

By  theorv,  tho  efficiency  of  the  fitiid  in  the  en^ne  is  found  to 
iVc  bfX'u  D*3;  that  is,  tiiree-t«nthK  uf  tlie  whole  heat  received  by 
)Q  fluid  were  converted  into  luechauical  energy,  leaving  seven- 
Inths  to  be  abstracted  by  the  refrigerator.  Therefore,  the  heat 
■Aracted  by  the  refrigerator  exceeded  the  heat  converted  into 
pehanical  energy  in  the  ratio  of  7  to  3.  Tho  mechanical  energy 
ierted  by  the  fluid  was  1,G91,200  foot-lbs.  |ier  minute  Therefore 
e  heat  abstracted  by  the  refngerator  per  minute  was 

1,691,23011  -  =  3,946,000  foot-lbtL 

i 

Stirling  states,  that  the  quaiiti^  of 

IHuised   through   thu   refrigerator 

4  cubic  feet;  that  is,  2d0  Ibsi.  per 

lutc,  and  that  its  temjioniturt.'   was 

from  16'  to  18"  by  the  heat  which 

alwtnoted.    Take  17''  as  the  average 

leniioQ  of  its  temperatum ;  then,  as  the 

specific  heat  of  water  is  772 

-Iba,  we  have,  for  the  heat  nhstnioted 

by  this  quantity  of  water,  250  x  17  x  722  =  3,381,000       „ 


rater 


Difference. 


665,o»3 


'  •boat  one-sixth  of  the  greater  quantity. 
This  differBnoe  may  be  partly  accountod  for  by  the  fact,  that  port 
'  the  beat  abstracted  from  the  wo'-kiug  air  uiuiit  liavu  been  cou- 
leted  through  tho  covers  and  the  np|>er  iwrtions  of  the  sides  of 
ie  pcooivcrs  to  the  extenml  air,  without  afll-cting  the  water  in  tlie 
ols  of  toba  It  is  poatdble,  also,  that  the  waste  of  heat  throngh 
llqieifeot  acUoa  of  tlie  regenerator  may  have  been  over-estimated 

(tlieoretieal  calculation, 
energy  exerted  by  the  Ouid  in  an  hour  was 


l,6fi6,(lC7  X  GO  »  I00,0OU,UOD  foot-lbs. 
fiicl  con.<tunied  in  12  hours  was  *'  a.,  or  8.'}-3  lbs. 


jur,  BO  tliat  the  indicated  cUUy  of  one  lb.  of  coal  waa 

2& 
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100,000,000 

83-3 


=  1,200,000  foot-lbs. 


Mr.  Stirling  oonsidorB  the  ooal  employed  to  ha,Ye  baok  of  i 

three-fourths  of  tho  cvapurative  power  of  NewcAsUe  conL 
jng,  tlifTt'foro,  the  totiJ  heat  of  oombiistion  of  ua«  lb.  of  tlie< 
Lave  boeu 

9,000,000  fooUbsL, 

ve  find  for  the  renUlant  ^fftciency  of  the  funwoe  aud  fluid, 

1,200,000 


9,000,000 


=  0*1  S3. 


The  efliciency  of  the  fluid  having  been  0-3,  it  a|^>aus  that 
cadency  of  ik»  fwrnaes  waa 


0133 
"0^ 


::=0-U, 


giTd 


The  heating  surface  waa  about  75  square  feet.  In  a  rt^m 
fomace,  burning  the  eome  quantitj  of  fuel,  this  would  bare 
an  efficiency  of  about 

0'61. 

In  Stirling's  engine,   therefore,  the   clficiency  of  the   furoitf 
ftppi-oached  more  nearly  to  that  of  a  steam  boUer  funuwse,  thi 

£nc8son's  emgine,  owing 
bably  to  the  greater  dennt 
the  mr,  and  ita  more  mi 
eolation  over  the  bottom  i 
receiTer. 

With  a  view  to  ii 
efficiency  of  air  engines 
taining  an  extensive 
Biirfnco,  without  incoii%-en)nitl* 
enlarging  tht-ir  bulk,  Mr.  Janw 
K.  Napier,  and  the  Author  d, 
tliis  work,  liave 
heating  apparatus  shown  i 
107.  That  figure  rej 
the  bottom  of  a  cylmdrical, 
receiver,  consisting  of  a 
tube-plate;,  from  which  sei 
tuboa,  open  at  the  upper 
and  clo«ed  at  the  lower 
F  i&  the  lower  end  of  a  pit 


:c^^:a»' 


flume  chamber. 
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corresponding  to  that  m&rked  £  in  fig.  105.  In  fig.  107,  the 
ngcDczutor  vccnpies  a  cylindrical  hole  in  tiie  centre  of  that 
plaugor;  but  it  might,  if  oonvcnit^nt,  occupy  an  annular  spnce 
surrouudlug  tlie  pluugur,  lu  in  fig.  106. 

S  is  a  Recond,  or  lower  iilungf^r,  oonsisUng  of  a  perforated  plate, 
fivm  vhich  cylindrical  rouu  descend  into  the  tubes,  and  neailj  tit 
tbem.  Whon  the  lower  plunger  is  depressed,  the  rods  neai-ly  fill 
the  tabes,  and  the  heat  transmitted  from,  the  fumaco  accuroulatea 
m  the  metal  of  the  tulx^  and  roda.  When  the  lower  plunger  ia 
niaed,  part  of  the  air  descends  into  the  tubes,  and  is  heatad  by 
contact  with  them  and  with  the  rodii,  an<l  [wrt  remains  in  the  large 
cyliudricnl  part  of  the  receiver,  aud  is  bcatvd  by  contact  with  the 
upper  ends  uf  the  rods.  Thin  appnratiiit  has  been  found  to  heat  the 
air  nipiJly;  but  ita  villcicncy  liiia  not  yet  been  ascertained  by  any 
eoact  exjierinipnt 

276.  Umh  KrccirMI  mmA  B<!JMtMl  ai  €'■■■!•  ■!  PnMNrc*— Joalc** 
KmKiN«<b — In  a  paper  by  Mr.  Joule^  urith  a  sapplement  by  Professor 
William  Thonuon,  in  the  PhiioaopKical  Traimiclums  for  ISol,  it  ia 
propc***:^  to  usci  ftu  air  engine  in  which  the  regcuemtor  aud  refri- 
gerator are  dispensed  with ;  eo  that  the  air  ahatl  receive  and  reject 
l^t,  not  at  a  pair  of  constant  tempcmturce,  but  at  a  pair  of  cod- 
stant  presBurea 

Tim  propceed  engine  wo\ild  con^t  essentially  of  t^irco  porta — a 
ocHDpreflBing  pnmp,  a  heating  vewtel  Owing  a  aet  of  tnbes  tmrersing 
a  furnace),  and  a  working  cylinuur.  The  comprcasing  pump 
and  working  cylinder  would  be  clothed  with  noD-condactiug 
naaterialii. 

The  compressing  pump  would  draw  air  from  the  atmoephere* 
oomprcas  it  in  a  certain  proitortion,  aud  force  it  into  one  cud  of 
liic  heating  vessel,  at  a  temperature  ek-vutcd  above  the  atmoi^heria 
tptnpnraiore  to  an  ext(-nt  Qorre»tKmiling  to  the  compression.  In 
the  heating  vessel,  the  air  would  have  ita  temperature  further 
XKSsed,  and  its  volume  expanded,  at  constant  pressure,  by  tiie  hent 
seceived  from  the  furnace.  From  the  farther  end  of  the  heating 
vessel,  the  air  would  puss  through  an  induction  valve  into  the 
working  crlinder,  driving  the  piston  through  a  certain  part  of  a 
atroka  Th«  valve  being  cluscd,  and  the  admission  of  air  cut  olT, 
the  piston  would  bo  diiven  tlirongh  the  remaindei-  of  its  stroke  by 
tlio  expansion  of  tlic  air  dowu  to  the  atmospheric  pressure^  and 
during  tliat  exj<ansion,  the  t«iu[)(Tature  would  fall  to  a  certain 
«xtcut  The  air  would  then  be  discharged  into  the  atmosphev 
at  a  temperature  exceeding  the  atmospheric  temperature,  t 
heat  due  to  the  exoen  of  temperature  being  rejected  aloi'"  «» 
the  air. 

fig.  lO^^^^Lp  A  represents  the  diagram  ot  ouoi 
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ut  engine,  beine  fonnd  by  taking  kwaj  E  A  D  F  E,  the  dia^nn 

of  tho  compreaaiDg  pumi»,  Irom  £  B  C  F  B,  the  diagram  of  tfaa 

TTorking  cyfinder. 

TTie  straight  linu  F  D  represents  the  volume  Vj  of  one  lb.  of  ur, 

drawn  from  tlio  atmosphere,  at  the  atanospherio  preBmire  p^  and 

absolute  temperature  t^ 

D  A,  a  pmlion  of  an  adiabatk 
canv,  rcpruK'nte  the  oompret- 
don  of  that  air,  until  it  attuu 
the  pre—ore,  volnnit-,  and  teut- 
perature,  p.,  v.,  v 

Tho  Rti-aight  Ihie  E  A  repr»- 
aents  the  volume  r«  of  the  com- 
pressed  air,  as  forced  into  the 
hea^ig  Ten^ 


FV-»<«- 


Ttie  Btroight  line  E  B  reiiresents  the  volamo  iv  of  that  air  aft^ 
it  ban  tmverKed  the  heating  Teasel,  and  as  it  enters  the  wotkio^ 
cylinder  uiuk-r  thu  constant  preasnre  p„  aud  at  the  lug^ust  abselate 
temperutiiro  t». 

6  C,  a  ^wrtion  of  an  odiahatic  curve,  meeting  the  straight  line 
F  D  C  in  C,  reprewnts  the  expftnmon  of  the  air  to  the  Ti^mne  », 
at  which  it  rvtiimu  to  tbe  atmospheric  pressure  p,  =  p^  and  fiiUs  to 
a  certain  temperature  v 

G  F  represents  v„  the  Tolome  of  tibe  ur  vhen  finally  expellsd 
into  tho  atmosphere. 

The  heat  received  by  each  pound  of  air  is  represented  by  the 
area  between  A  1),  and  the  indefinitely  prolonged  adialiatio  cnrm 
A  D  M,  B  C  N. 

The  heat  rejected  with  each  ponnd  of  the  air  when  discharged  u 
represented  by  the  area  between  D  0  and  the  curves  D  H,  C  N. 

Tlie  energy  exerted  by  each  pound  of  air  is  represented  by  Ui# 
aRaABCU 

The  volume  swept  through  by  the  piston  uf  the  working  cylinder 
per  pound  of  ftir  is  F  0  =  f,:  the  volume  swept  through  by  tbs 
piston  of  the  pump  is  F  I)  =r  c^. 

The  following  are  the  formulte  proper  to  this  kind  of  engine : — 

Data. 

Atmospheric  pressure  and  absolute  tempemture,  p^  r^. 
Ratio  of  compresuon  and  cxponston,  r. 
Highest  absolute  temperatarej  v 
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par  pound  of  air. 
Absolute  tempmrUwrea — 


T.=  T^r»'-i=.Ti**«";  T.= 


,*«• 


Fresaurea — . 


Fofumep— 


P.  =1^  ==P*  f*^—p*  »^'*";  p.  =i>4. 


*4  = ^i 


"*. 


v.=:=^;v,=^v,-^^^v^-.^-^^i 


v,^rvt  =  vt- 


(1.) 
.(2.) 

(3.) 


^ao^  received — 

Hi  =  183-45  (<■*-',)  =  183-45  (^j  -  r^  r**^ (4.) 

^(sa<  rejected — 

Hj  =  183-45  (.,  -  r,)  =  183-45  (j^-  -.)  =^^a ...  (5.) 
Energy  exerted — 

U  =  Hi -H,  =  183-45  I  r,  (l- A^)  -  r,  (,^-l)  } 

=  H,(l-^); (6.) 

Sffidency  ofjluid — 


U 


,-ra         n— '. 


H, 


■»     ~^     »***• 


(7.) 


Jfean  eff^ve  pressure — 
.V 

V. 


!^  =  3-451;j^  (r^-  l)  (l  -  ^  "  »***) 


■(8.) 


The  foUowing  is  a  numerical  example,  which,  however,  is  imp 
gmaiy,  as  no  experiments  have  been  made  on  engines  o' 
now  considered : — 
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Data. 

r  =  2; 
T,  =  66r'2.-.n=  1022^4. 

BKuun. 

f«"  =  1-327 i  ~  =  0-7537;  -~\. 

r.=67e"-3.-.  T.  =  2iri;  t,  =  770-6 .-.  T,=:3(Kr-4. 

p.=i).  =  2'654  X  2116-3  =  5617;  r.=P-  =  2H6-3. 

f^=12'84j  r,  =  6-42;  i>k=9-68;  »,=  19'35; 

Hj  =  183 46  X  SU"!  =  63128 

H2=  133-45  X  259-4  =  47563 

U  =  183-45  X  84-7      15545 
15545 


EScicncy  of  fluid, 


63128 


=  0-246. 


Mean  elective  pressure^ 


-rj^J^  ^  803  lbs.  on  tho  square  foot  =  5-57  11*  on  tLe  eqnnrp  incK 

If  an  engine  of  this  cliuta  vera  mode  to  work  up  to  a  high  tem- 
pcraturo,  it  would  bo  necossary  to  keep  iho  piicktug  of  the  tustoa 
oool  by  some  such  means  as  making  tiio  tower  part  ot'tlie  pistoa, 
as  in  Ericsson's  enpno,  liaug  conHidenibly  below  the  (mcking  liii^. 
its  interior  being  hollow,  and  fillod  with  a  slowly  coudu 
maiexsah 

OvM^ — The  greater  port  of  the  waste  of  heat  from  the  fanaa 
might  be  prevented  if  it  were  practicable  to  drive  the  piston  of  as 
engine  directly  by  mcano  nf  tlie  hot  gaseona  {iroducta  of  comhtu- 
tiuu.  An.  engine  of  thia  kind  was  made  and  worked  experimentally 
hy  Sir  George  Oayley.  It  consista  easentially  of  the  same  parti 
witli  the  air  engine  described  in  the  preceding  Article,  except  thai 
in  the  furnace  gas  engine,  the  heating  vessel  and  the  furuaoa  aif 
one;  that  is  to  nay,  the  compressing  pump  draws  air  from  thr 
atiuoisphere,  comprosBce  it,  and  forces  it  into  a  strong  air- 


ttUfj, 
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where  its  oxygen  combineii  with  the  fuel ;  thcD  the  mixed 
bot  gAs  piYMiitcMl  by  the  oombnation  is  odraittod  into  the  working 
cyliudtT,  where  it  arives  the  piston  through  part  uf  ltd  stroke  at 
fall  prcAsore,  and  through  the  remainder  by  expansion,  until  it 
falls  to  the  attiioBpheric  pressure,  and  in  difchargt'd.  Tlie  furnace 
is  fed  through  a  double  valve,  which  is  so  constructed,  that  fuel  can 
be  introdaoed  through  it  without  |>ennitting  the  escape  of  moie 
than  a  very  amall  quantity  of  the  compresecd  air. 

The  liieoretical  diagram  of  such  an  engine,  and  the  fomiQlci 
applicable  to  it,  are  exactly  eimilar  to  those  given  in  Article  276, 
except  that  the  furnace  gas  ia  somewhat  denser  than  air.  Thia 
difference  may  be  allowed  for  by  oonceiving,  that  all  the  formuhe, 
instead  of  having  reference  to  one  pound  of  tlie  gas,  have  reference 
to  to  much  of  the  gas  as  ia  produeid  by  mtpplytng  one  potmd  of  air 
to  tJieJvmace. 

The  cylinder,  piston,  and  valves  of  this  engine,  were  found  to  be 
SD  rapidly  destroyed  by  the  intense  heat,  and  the  dust  from  the 
ftiel,  that  no  attempt  waa  made  to  bring  it  into  general  pi-actical  use. 

An  engine  on  nearly  the  same  principle  was  invented  by  Mr. 
Alexander  Gordon. 

Dr.  Avenicr  Ao  la  Gree  has  projwscfl  a  kind  of  furnace-gas  engine 
in  which,  bo  for  as  it  can  be  juilj^ed  of  by  mere  description,  without 
experiment,  the  diflicnlties  uriatng  from  the  dust  and  heat  may 
Tery  prububly  be  overcome;  and  the  only  objection  will  be  that 
common  to  all  air  engines  which  draw  a  cylinderful  of  air  from 
the  atmosphere  at  each  stioke,  viz.,  the  greatness  of  their  hulk  iu 
proportion  to  their  power. 

As  to  engines  in  which  the  air  i&  heatod  by  the  explo&ion  of 
ooal-gas,  see  page  448. 

8GCTI0X  5.-0/ tJto  Ejfficiency  qftJte  Fluid  *n  SImm  Snginm. 

27S.    TbeofTtieal    DiagmMB  «r  HtniB    BBglBC*  ta  CcwraL — Thd 

dcetclies  which  have  already  been  given  in  6g.  17,  page  43,  and  ia 
fig.  99,  pago  337,  illustrate  the  general  character  of  the  diagrams 
■much  indicate  the  energy  exert^  by  the  steam  in  the  cylinders  of 
«taam  cngineiL 

Tlie  curves  actually  dfwcrilx^l  on  the  indicator  cards  of  these 
engines  presK-nt  so  many  diffcreucea  a.H  to  the  mode  in  which  the 
pressure  and  volume  of  the  st^-ani  vniy  during  its  action  on  the 
j/istoa,  that  their  figures  cannot  be  expressed  exactly  by  iiuy  general 
■■teu  of  mathematical  formultc;  especially  l>ecauso  in  tht*  present 
^be  of  our  knowledge,  it  is  impossible  accurately  to  M^jiurate  t* 
^biguLiLrities  in  diagmms  which  arise  &-om  rml  t1uctu.itii>tia 
Htomre  of  the  steam,  from  those  which  arise  from  the  fricdc 
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n^ioB. 


iMTtk  «f  Um  aumng  |i*ru  i)f  the  indicator.    Some  of  ifaoit  ii 
hilrtni   viU   te  iMt*   [MrtiooUrly   deacribed  in   • 

Ib  onfar  tkfti  it  ntj  fas  poaible  to  oompate  firam 
Iko  potmr  aod  eradeiMy  of  the  flanl  in  stek 
I  mmmmt  far  tli«  diagnm,  KpprozinMtmg.to 
b«t  OMca  aaple  (mb  %  109)l    Id  that  6garci,  XS 
Ue  folnaw  of  •  oertun  naaa  oc  steamy  when  ndmittod 
l^f!jttnihr,M»aB(odrn«tlMinitaa  thnragfa  a  ipnoa  cqtml  I*  i 
iwl—     Ti»J»m  mtmmfUm  by  which  tbe  dit^runm 
Wf  tksk  An  pnaora  of  tbe  ittaam  xcanuna  oonstnat  d 

■dnuBBonf  so  that  A  B  is  a  **— i^* 
lino  patmlld.  to  O  X,  and  tbe  couMt 
preomiro  ia  reproMiited  bgr  O  A  =  G  E 
Tho  carve  B  C  ropreaonts  tbe  ex- 
pansion of  the  BtcAin  after  Ha  mbt» 
Bion  is  cut  off.  In  actual  ^^*f*"»^ 
this  ciirvo  pr«s«jUi  a  grmt  ''~  ' 
figures,  de{ie]Hliiig  u{Mjn 
municfttioti  of  hctit  to  and 
■team,  and  other  cnnsee,  and ' 
alvays  oontaJna  ondnlatioM^  whidi 
pnbablj  arise  pettSy  from  vibrations  in  the  oiar  oi  steam  HhIC 
and  pvtlr  from  caanations  due  to  the  inertia  of  the  ioijinw 
ptftoiL  Xbe  motmd  OMMimtum  eoosista  in  iysngning  to  tbe  cnnr 
B  O  ooo  or  other  of  two  definite  fignra^  acoording  to  tbe  foUovtug 
suptAwitinns : — 

L  Wlion  the  cj-UqiW  is  either  exposed,  or  8im[ily  cui.tl  w 
eknr)j  oomluctiiig  materials,  miuh  iia  fi-lt  mid  wuud,  tbi*  steam  a 
aaramod  to  pxjiand  vithout  rcceiviDg  or  giving  oat  beat;  w  tluU 
B  C  is  an  tuiiabaiie  cuhm^  wboae  form  will  be  explained  in  Arttcl' 
S8I. 

IL  Whon  between  the  slow  condacting  casing  and  the  (yliudrr. 
there  i«  an  iron  cosing  or  outer  cylinder  called  tbo  "  stctun  jotkrt," 
■l^ltuil  with  steam  from  the  boilor,  it  is  osBumed,  that  the  hou 
communicatKl  Y^  means  uf  that  jacket  to  tbe  kit'Oam  oxjMiidiiie  >ti 
tho  cylinder,  is  just  mifficient  to  prevent  any  practically  ^qnecuUr 
port  of  it  ix%yai.  becoming  liquid;  bo  that  BC  i<t  ]iurt  of  aoerre 
whose  oo^rdinatos  reprcseut  the  proaaurtis  and  tbo  volumes  of  > 
given  weight  uf  steam  uf  satuiution. 

These  two  (tu|i{H3^tions  havo  reference  to  engines  in  wbidi  tb 
•team  is  not  "  superheated ;"  that  is,  raised  to  a  tcnipCTature  otMW 
tbe  boiling  point  coiregjt*'***^  to  ite  pressum.  The  actios  rf 
superheated  steam  will  *  <d  in  the  next  eectioo. 
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H  The  third  aanunption  is,  that  tlio  steam  u  exhausted,  or  die-" 
Buuged  from  the  cylindc-r  during  the  retiini  stroke,  at  %  oonstant 
BMtturu ;  so  that  thu  lower  ttidu  £  F  of  the  diagram  is  a  straight 
^^^nimllel  to  O  X ;  and  the  oonstant  back  preKntro  is  rejireseuted 
^HdP  ^  U  E,  which  may  be  equal  to,  or  less  than  the  prcuure 
R  tbo  eud  uf  tlie  oxinnsiou  H  C.  (It  would  bo  possible,  ahto,  to 
Hiake  the  hnck  pressure  greatar  than  the  preAstire  at  tho  end  of  thi 
Ipiiaiiston;  but  this  never  occurs  in  enjj^nt:s  that  are  well  con- 
Hqruoted  and  worked.)  The  third  aasumption  involvoe  also  the 
^pnunption,  that  the  fall  of  preasore,  if  any,  at  the  eud  uf  thu 
Htroke  (represented  by  0  E),  takes  j>lace  suddenly. 
H  The  value  token  for  tho  a^umed  constant  back  pressurQ  oughi 
^k  Aonrse  to  be  eqnnl  to  the  nuan  value  of  the  actual  variable  back] 
Bhasnrc,  so  far  as  it  can  be  aocui-at«Iy  oacertalned.  What  Uint 
Hiaan  vultie  is  in  different  cases  will  be  considered  in  a  special 
Bjrticlfe. 

K  The  fmtrth  asmmptum  consists  in  neglecting  the  volume  of  the] 
Bqnid  water  as  compared  with  that  of  the  steain,  so  tJiat  the  sit 
V  X>  A  of  the  diac^m  is  a  straight  line  coiQcidiug  with  O  YJ 
Instoad  cif  being  a  cuii'e  having  ordumtes  parallel  to  O  X,  represent-^ 
Bgthc  successive  volumes  of  the  water  u  it  sustains  a  gradnallj 
^^B^ii^  pn^wure  in  the  feed  pump,  and  oorreeponding  (though  of' 
^^K^  KQUler  magnitude)  to  the  ordinatcs  parallel  to  O  X  of  tho 
^^b  marked  D  A  in  Rj^s.  104,  Article  274,  and  108,  Article  STT.'j 
^^Vummption  give.s  ri-uj  to  no  error  aj)preciable  in  practice. 
W  Thus  is  obtained  a  diagram  fur  purposes  of  calculation,  of  the 
fend  of  form  represented  by  A  U  C  E 1"  D  A,  of  which  the  ado 
BC  alone  is  curved.     Experience  proves,  thut  although  in  a  diA- 
vram  of  this  kind,  in  which  tho  smaller  fluctuations  of  uxo  pressure 
w«  neglected,  the  preuurea  corresponding  to  particular  poattwn*  of 
Wfte  pidoH  sometimes  differ  considerably  from  tho  actual  presenrefi, 
net  the  differences,  being  in  opposite  directions  at  different  points 
Kr  the  diagram,  JtetdrcUise  each  other  in  such  a  mauuc-r,  that  the 
^^meroent    between   calculation    and    exfieriment    is    very   clodo 
^p   regards  the  emrgy  exerted^  and   the  msan  effective  pre»»ure; 
feeing   the  quantities  which  are   of  the  greatest  imp^rtanoe  in 
kturtjce, 
p     For  the  present,  tlie  quantity  of  steam  aoUng  as  a  cushion 

i Article  202)  is  supposed  either  to  bo  inftjipreciably  snudl,  or  to 
lavo  had  its  successive  volumes  calculaiod  uad  deducted,  so  that 
|dte  dtagmm  in  fig.  109  is  fwwl  from  its  effects.  Tho  effect  of 
^cushioning"  eteam  will  lie  considcrvd  farther  on. 

270.  Vanu  of  BxiwmiIct  Aw  Vmkwwj. — The  following  uotatlou 
will  be  emjiloyed  in  formoliB  relating  to  the  efficitucy  of  steam  i^ — - 
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Qaantltj. 
AlaoltOe  preewfvt  ofgtaam — 

During  the  admiarion ^ 

At  any  time  dariog  the  expouaioo,       p 

At  tLo  eodof  tlie  expaouoD, p^ 

Duriug  the  return  stroke p^ 

Abaotute  tem|i«raCHf«»— 

Of  the  steam  vben  admitted^ r^ 

Of  the  steam  at  uxj  time  dor-  ) 

ing  the  expansion, J 

Of  toe  steam  at  the  end  of  the  ) 

expanirion '* 

Of  the  feed  water  supplied  tol 

the  boiler^ f        '* 

Tmipavtuna  on  ordinary  scale, Tj,  dea 

VoUmue  o/one  ib.  o/ttmn — 

When  admitted Vj 

At  anytime  duHug  thi>  expannon,       « 

At  the  end  of  the  expansion, «^ 

Density  of  ttMmt  in  Ibt,  per  eubie 
foot— 

When  admitted D, 

Voimm  oecupieit  by  tha  mau  of 
Mttam^  or  qf  Mtatn  and  Itqwd 
wafer,  wtiUr  eofuidgratiotii— 

"VPTien  admitted Mj 

At  any  time  duriug  the  expamdou,      u 
At  theendof  tlie  expansion, v^sri^ 

Btttio  0/ erpim$i(my r  =  — 

Kttatffjf  exerted  hy  one  lb.  nf  steam,...       V 
JSnergy  exerted  by  the  moMtifHeam  (   «j  _ 


under  oonaidaratmi, 


] 


V 


Mean  ^eetive  praaure, p,= —  s=p«  —ft 


ordinateofBi 
HC  =  OD 
11E  =  UF 


AB==0^ 

absctsaa  of  B  0 

DC-rAB 


area  A6CEF 
area ABCEF 


OU 


-,  tlie  rectprocal  of  the  ratio  of  expansion,  is  called  the  admiet 

ud  fiometimea  the  cut  off^  being  the  fraction  of  the  stroke  at 
ijbe  adsuaaioQ  of  etoani  is  cut  odil 

The  ttaaon  for  liavLug  tho  ?>-mbol  «j  distinct  from  »,,  Ut  del 
iia^  ifoUuW  of  tin.-  ^^^Nf  ftt'.'itin  when  admitted,  is  that  it  ii 
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«T£JU1  A2iD  OTStEB  WUX  tSOlStB. 


V 


Xj      Pi«i +/%*'« 


«5 


-r«=i»--j»»^"..^)' 


in  which  the  symbol  p.  denoiei  the  mian  ffrong  jmoun,  <r 
fonoard  preamtrc,  which  is  reproeented  in  the  dimgnun  hy  Okm 
height  of  the  line  ABO  above  O  X. 

The  coavenicnce  of  this  beoond  method  anBc«  &udi  tbe  fiulv 
within  the  limits  of  presBOTB  uid  volume  which  iisuaOj  ooctfl 
praotioe,  the  cane  B  C  aiiprvximAtes  to  a  curve  of  tbtt 
doM,-  tiiat  ia^  a  curve  in  which  the  otdioAte  is  invendy 
tional  to  some  power  of  the  absdsBa,  as  expreaeed  by  tbo  eqoatMlJ 


p  OiV.' 


(t) 


^  being  an  index  wliich  La  difTcrcnt  aooonUng  to  the  amunstaani 
^  the  case,  and  is  to  be  found  hj  tiiaL     When  t  =  I ,  the  cam 
common  hyperbola,  and  the  area  0  A  6  C  H  is 


i>t«i + f '"i"''' =/'i  »i  ■  (1  +  *»yp  log*-);. 


.(i) 


but  in  the  cases  which  occur  in  the  working  of  satOTtttod 
is  fimctiijual,  and  greater  than  I ;  and  then  we  have 

from  which  is  obtained  the  following  ezpii»sion  for  the 
toard  or  groat prauun: — 


»-l 


Formuin  of  this  kind,  and  tablets  computed  by  meuuc 
Buch  as  Tables  VII.  and  VIII.  at  the  end  of  the  volum^ 
venient  in  approximate  calculations  for  practical  pnrpusM^i 
as  thoy  do  nut  involve  the  temperatiuv. 

379  A.    iBIrrpolatloB    •€  <|tinHtlitc«    In    Ums    T«felcik — "^ 
Ubing  Table  IV.  or  Tflblo  VI.  for  fitcfun,  or  Table  V,  for  a-l 
is  nx)uired  to  find  some  quantity  intcnui.'^liiiU.'  between  thoaaj 
in  the  table,  that  quantity  can  be  found  with  ucvurucy 
ordinary  punxwes  by  the  aid  ofjirat  d^erenaen.     It  is  to 
surb  interpolation  that  the  logarithms  of  the  preatmroi^ 
volumes,  and  quantities  denoted  by  L,  are  given,  together 
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nre  diiferences  of  those  logarithma  (denoted  hy  A) ;  because 
Tercuccti  of  Uic  lofjuritluus  vury  tuach  less  than  those  of  the 

to  which  they  belong. 

i,  for  example,  that  it  is  required  to  find  ftYim  Table 
Inme  V  oorresponding  to  a  pressure  P  which  lies  bct^ 
~  the  jiressures  given  in  the  tmblo.     Let  P  be  the  wact 

to  P*  which  is  found  in  the  table,  and  Y  the  oorrevpond- 

le;  then,  approzimatelj, 

-  a  log  V 


logV'=IogV-(logF-logP) 


A  logP 


.(L) 


methods  may  be  ajipUini  to  other  quantities.  The  sign 
lediately  prefixed  to  a  log  V  ia  merely  the  algebraical  mode 
Bdicating  that  V  diminishes  when  P  increaws. 
Ibr  example,  let  it  be  required  to  find  the  volume  of  a  {xiand  of 
m  in  cubic  feet  when  its  absolute  preK<ture  is  two  atnu>»pherra, 
19*4  Ibfl.  upon  the  square  inch,  or  4232'8  Ibe.  on  the  square  foot 
P'.     The  next  Ie«  preasurc  in  the  table  is  4152.     Then 

log  P=  3-6266;  log  P  =  3-6183;  logV=M481; 

A  log  P  =  0-0678;  -  *  log  V  =  0-0637 ; 


fore, 
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log  V  =  M461  -0-0083-^=M383; 

o7o 


V  ^  13-70  cubic  feet  per  lb. 


Back  Pn 


rc^ — If  the  Bteaui   working  in  steam  eogines 


e  unmixed  with  air,  and  if  it  could  e»cap«  without  resistance 
in  an  inappreciably  short  time  from  the  cylinder  afLcr  having 
.plctcd  the  forward  stroke,  the  back  pressure  would  he  aimply, , 
lon-oondensing  engines  (conventionally  called   "Au/A  prtatmr^i 
inea"),  the  atnu^^teric  jmasure  for  the  ttmo;  oud  iu  cuudeniDDg] 
inee,  the  pressure  oonvf^ponding  to  the  tempo  ruttii-e  in  thecotHj 
Mr.     This  may  be  called  the  jrrcisure  o/ comlcmntion. 
'he  mean  beck  preesoret  however,  always  exceeds  the  pr 
ondensatiDD,  and  Hometimes  iu  a  cunhidf^rablc  proportion.    Onfrl 
le  of  this,  which  opr>rateii  in  condtmsiDg  engines  only,  is  the 
lence  of  air  mixed  witli  the  steam,  which  cauava  thu  prcaawrt  in 
ymdenMr^  and  consequently  the  Imck  pressnre  also,  to  be  great 
&  the  presBure  of  condensation  of  the  steam.     For  cxampio, 
nary  tempcnituro  iu  a  condenser  when  working  yiroporly,  is 
ni  104°  Fahrenheit,  to  which  the  correspontling  i)roaii 
m  is  152-G  Iha.  on  the  square  foot,  or  1-06  lbs.  ou  the 
^^^  the  absolute  pressure  in  the  best  coudeoserft  ia ' 


A 
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enrr  IflM  tliaa  2  Itn.  on  the  aqaare  inoh*  or  oetflj  A«U»«f 
prouture  of  oondanrntioa. 

The  (jrincipal  cmmp^  however,  of  ioozoued  hmek  prcssR, 
raeistanco  to  the  eaaape  of  ibe  Btaun  fiw&  tbe  oyliukr,  bf 
in  oundetning  cagiiuM,  the  meen  bade  praann  ia  ounsd 
from  1  to  3  lbs.  on  tiie  eqaan  inch  greater  than  the  preanoe 
eoodaiuor.   There  b  as  yet  no  8atu&cfeoi7  theory  of  that  rb 
•o  that  it  cannot  l>e  comjiuted  for  any  proposed  engine  by 
a  general  formula. 

Ttie  Ikitok  priMnire,  therefore,  in  proposed  condensag 
can  for  the  pr«»ent  only  be  estiniatea  ronghly  from  the 
experience  in  partictUar  casco.     The  foUoving  is  a  iraBUiiB]i 
•ouie  such  rpsnits  :— 

Ukui  Back  PaaanUip, 
Ltai-ootlM 

^^^  fiatio  of  expansion  from  i(  to  3,...         730 
^B  from  4  to  7,....    64810504 

^r         „  from  8  to  IS,...    504  to  432 

I      }^ 
\      ha 


3*W3 

There  is  a  deficiency  of  precipe  experimental  data  on  thii  i 
ject,  because  of  Uie  frequent  omission  to  obeerve  the 
barometer  at  ihv.  time  when  the  indicator  diagranu  of  steam  1 
are  taken.     The  consequence  of  that  omis&iou  is,  that  the 
ahow  only  the  ^ectim  pteasorea  oS  tho  steam,  and  not  the 
preasureBf  vhich  are  IdEt  to  be  roughly  estimated  by  guessing  j 
prt^blo  atmosplierio  pressure. 

It  is  oertnin,  Ui;it  if  sufficient  experimental  dati^i 
back  lirtasure  would  Iw  found  to  vaiy  with  the  spead  '■■■ 
being  greater  at  liigher  Bpeeds,  and  also  with  the  density  «i' 
steam  at  the  commeDoement  of  the  exhaust,  and  with  the  siji  d 
the  exIiAust  port  throngh  which  it  escapee  from  the  cylinder 

In  uon-condcosing  loouniotivc  engines,  a  great  nomlter  of  expfltv 
mental  ilats  sa  to  bnck  pressure  have  been  collected  and  ammgodt 
and  to  a  oi-rlain  exteitt  reduced  to  a  system  of  laws,  in  Mr.  ]>.  £• 
Clark's  wdi'k  On  iiaUioay  Machinery.  That  authnr  finds,  that  Uh 
^gocgtt  of  the  bock  pressuie  above  the  atmospheric  preasitie  ri  ~ 

o«arly— 

As  the  equate  of  the  speed ; 

As  Uie  preaaure  of  tbo  steam  at  the  instant  of  rsleaitf;  that 
ihs  ooiBBKDCement  of  the  exhaust ; 

T^y^gely  as  the   snuaro  of  the  area  of  the  orifice  of  tiw ' 

.      throng^  which  the  steum  is  blown  into  the  chimney  to ; 

^sk    CWrk  ols'i  find^JJ  "    *he  excess  of  back  pressure  is  leea^j 
_]jL  the  r*^*^  *^^' '  '  ''''"^  '*'  **  ^^^  ^^  longer  the  j 
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hich  the  eduction  of  the  steam  huts ;  and  that  it  is  in- 
hy  the  prcscuco  of  liquid  water  amount  tho  steam,  being 
in  cases  grettt<>r  in  nupi-otccted  than  in  proti^cttid  cylinders 
fctioof  l-72to  1. 

i  example  of  specific  reaulta  obtained  bj  Mr.  Clark,  it  may 
id,  that  *'  with  a  mean  of  IG  pur  ot-nt.  of  rcleaije," — that  is, 
i  exhaufit  port  npeninl  when  the  piHtnn  hjid  pnrfomaod  <)'84 
rward  Htrukt — "with  an  admission  of  half  stroke," — tliat 
the  ratio  of  expansion  2,  nearly,  "and  with  a  speed  of  piston 
feet  per  minute;"  the  excess  of  the  back  preanira  above 
Oefbeaa  pressure,  in  protected  cylinders,  was  about  0 '163  of 
of  the  pressure  of  the  titcam  at  the  iastnut  of  release 
atmospheric  pressure. 

bablc,  that  the  genera)  results  arrived  at  by  Mr.  Clark 
liely  applied  to  all  engines,  whether  condensing  or  non- 
:,  to  the  following  ext«iit ; — 

Ihg  «un$  «nffine,  going  at  tha  aame  speedy  the  exeeu  ofiht 

Ftrrasure  oiofw  (Ae^rrewure  q/  ooadmBtUum,  vartat  nearfy 

1i/  of  the  fleam  at  the  end  o/tha  expaiution; 

in  tfte  aame  engine,  with  the  same  dennitij  of  steam  at  the 

forward  atrol'A,  t/uU  excess  of  back  pressure  varies  neamijf 

of  the  speed, 

jTlM-rawlTMaMlr   Vmnrtimmt  um4    Adtobatir    Cwrre,  Ar  flfllxtid 

HtMuu — When,   as  in  thu   pro.'wnt  investigation,  the 

a  {xiimd  of  wat«>r,  and  '\X»  \'amtionis  are  treated  as 

amsil,  the  ralue  of  the  thermodyuumic  fimciion  ooonstu 

tiie  first  term  of  the  expression  in  Article  246,  eqttatiou 

toaay, 

J  hyp  log  r; 

.,  Joule's  equivalent,  or  the  dynamical  value  of 

of  water.    Soppoee  the  pound  of  water  to  be 

a  fixed  tempei-nttire  to  any  given  absolute  temperature 

to  lie  cither  wholly  or  fmrtiully  bv»p«>i-ated;  and  let  u 

ilnme  of  the  steam  produced,  which  for  fcotjil  6va]K)ration 

V,  the  volume  of  ono  pound  of  satm-atcd  gtuioi  at  the 

iling  point,  and  for  partial  evapctation,  may  have  any 

than  V.   liieu  from  Article  250,  equation  1,  it  is  evident, 

TOplete  the  tliermodynamic  function  for  the  aggregate  of 

id  steam,  we  most  add  to  tho  expression  already  found  for 

r  in  the  liquid  state,  the  following  quantity : — 

dp 

r  the  complete  thermodynamic  ftmctionjor  one  Vk  (ffU 


884 
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dp 
f  =  J*>yplogT  +  ii  ^ 

[The  Mune  expression  may  be  madu  a|ipUcaUe  to  ac^  oUuri 
hy  potting  inRtMd  of  J,  J  e,  the  dynamiau  ipeciSo  beat  of  lfaa[ 
in  qoertkni  iu  the  liqtiid  state.] 

The  eqaatiorii  of  an  ndiabntic  earn  is 

f  ss  noiiBtanti 

enables  ns  to  find  the  equation  of  the  form  of  the  corvgl 
the  diagrani,  Gg.  109,  Ai-ticle  278,  when  that  cum  is : 
that  is,  when  the  steam  expands  withont  recci^-uig  or  giTiif^j 
heat.     Attending  to  the  notation  of  Article  379,  ve  ham;  taj 

it  case,  for  the  point  B  in  tho  cnrrc^ 


and  for  any  other  point, 


«,  =  r,; 


J  hyp  log  T  +  U  ^  =  J  hjrp  log  rj  4-  Pi  ^  r— I 


from  which  is  eamly  deduced  tho  following  cxprcaaon 
volums  u  occupied  hy  one  lb.  of  water  and  steam  at  any 
p.— 


tel 


=  ^.(ah„u^.^  +  ..^.). 


When  eommon  instead  of  AyporMtc  logarithms  are  used  i^ 
icalcuUtion,  for  J  =  772  is  to  be  substituted, 


J  hyp  log  10  =  772  X  2-3036  =  1777*6. 
According  to  Artiole  3^*(,  equation  3i 

^^=.(^=^H„.H.«= 


(l) 


meanFt  of  which  fonnala,  with  the  aid  of  equation  I  of  Aftieli 

)6j  and  tht:  cuuntants  givvu  in  i«go  237,  -^  can  be  oompulvd 

The  use  of  tlio  pquation  3  for  computing  the  value  of  u  may  W 

kooh  facLlitatod,  by  cmploytug  tlio  values  of  L,  the  latent  htaipe^^ 

cubncjoot,  which  are  given  for  steam  in  Table  IV.  (and  for  Jrth* 

in  Tnble  V.);  for  nccording  to  Article  255,  equation  3  (ne^ectiii| 

the  volume  of  tbtJ'T'id  water). 
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•o  that  equation  3  of  thu  Article  becomes 

«  =  £  (j  hyp  log  ^  +  ^) (5.) 

A  convenient  modificaUon  of  equations  3  and  5  is  the  follov- 
iog:— 

Let  the  weight  of  steftm  under  consideration  be  D,  =  — ,  so  that 

its  initial  volume  Uj  is  otto  oitbic  /ooL     Then,  instead  of  u  may  be 

put  r  (:=  —  K  the  ratio  in  which  the  steam  is  expanded;  aothat  we 

haTe  for  the  value  of  that  ratio, 


,=  ±(jD.h^l<«'j+^-^) 


dr 


=  [  (j  D.  hyp  log  ^  +i) (6.) 


Approxlnatc  Feraaln  tmr  Adlnkailr  Carrv. — FrOm  the  rft- 
tia  of  numerical  calculationa  of  the  co-ordinates  of  adiabatio 
curves  for  steam,  it  has  been  deduced  by  trinl,  that  for  such  preft- 
■una  as  usually  occur  in  the  workLng  of  steam  euginca,  the  relation 
between  thoese  oo-owUnates  is  approximately  expressed  by  the 
foUoving  statement : — the  preeeure  varies  nearly  as  the  redprwxU  ^ 
Ike  tenth  pouer  qftha  ninth  root  qfthe  epace  cea^ied;  that  is  to  Bay, 
in  symbols 

p  oc  u~  «  newly (L) 

This  formula  belongs  to  the  class  already  explained  in  Articte 
379,  Method  II. ;  the  value  of  the  exponents  and  oo-cfficients  being 


10     .     ,        1       1  a 


%~l 


=  10....(2-) 


The  preceding  equation  1,  and  those  deduced  &om  it,  are  most 
expeditiously  employed  by  the  aid  of  a  table  of  logarithma.  In  the 
abeanoe  of  a  table  of  logarithms,  the  ninth  fvot  of  any  ratio  can  be 
found  by  exttuoting  the  cube  root  of  the  cube  root,  either  by  the 
aid  of  a  table  of  cube  roots,  or  by  ordinary  arithmetic. 

2S3.   ij««eitacti««  w  auuat  Workivf  KxiHUidrctri — The  vulume 


-'c 
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of  ona  ponnd  of  oitarated  steun  (Defecting  tlis  Toliuike  of  ibel 
vatar),  Koording  to  Article  256,  eqoftlioD  1,  ii 


I 


btant  bttt  of  evEporatioD  of  one  ponnd.     It  if 
LtioB,  that  tlie  volume  «  ffiven  hy  equation  3  or 
of  Article  St^2  is  Ion  tbAn  v  in  alloMes  which  ocoar  in 
from  vliich  it  follows,  that  when   steam   expands  in  drini^i 
])i.fCon,  anil  receives  no  heat  from  without,  a  portion  Li  Uqw^ed. 

To  find  under  what  conditions,  and  to  what  extent  thii  o^o^ts-^ 
eatiou  hy  ox|)anaive  workluj^  will  take  place,  we  have  for  tin:  [n- 
jxirtton  borne  by  the  condensed  itteam  to  the  whole  masi  o£  stam] 
mid  waUrr^  the  following  uxprcssiou: — 


^^=i-i{^^yvH}-^r.t^)- 


.(1) 


The  value  of  H*  i«  given  approximately  in  foot-lbcL  per  poond  c^ 
I7  the  formula 


H'  =  a  -  6  <■  —  1109550  -  510-4  r. 


..(i) 


anv  other  fluid,  J  «  would  have  to  be  put  instead  of  J,  and  ftr 
0  thfir  jTopor  values,  supposing  them  to  have  been  saw- j 

^  bo  shown  by  an  investigatiwi,  which  it  is  nnne . , 

lien  to  give  in  dutAil,  that  tho  exprcasion  (2)  is  always  pocitiTe  wl 
loogaa 

r,  ia  Ums  than  j^  (=  UST^-S  for  steam  =  46r-2  +  976"). 

The  principle  just  stated,  as  to  tlie  liquefiictioQ  of  vapoon 
[puwive  working,  was  arrived  at  contcmjMraueously  and  indsi 
'  ^nt^y,  by  Profeasor  Clausiua  and  the  Author  of  this  work  in  ll 
Ila  aoouni^  was  snfaBeqnently  colled  in  question,  chiofiy  on 
Kniund  of  oxpenments  which  show  that  steam,  after  being  expaa 
by  l>eing  "  wire-drawn,"  that  is  to  say,  by  being  allowed  to  BKifii 
through  a  narrow  odfioe,  ia  super-heated,  or  at  a  higher  tcmpna*  ■ 
tore  than  tJiat  of  liqiielhotion  at  the  reduced  ]»:«8sura,    Booa 
afterwards,  Iwwew,  ProAsBar  William  Thomson  proved  that  thoBj 
ntparimenta  are  not  relevant  agunat  tho  ooucluaion  in  qoostioD,  I 
ahowing  tho  diftotvr-   "-  *Tr«in  the  Jim  ai^nMOH  of  an  dMl 


fluid,  in  which  aU 
agitating  i!>i>  p'Nimh 


dnc  to  the  expansion  ia  enpflodedii 
Lue  fluid,  and  U  reconverted  into  hsi^ 
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od  the  expanBinn  of  the  wme  fluirl  vndrr  a  presture  egwd  to  iis 
on  dasticity,  wlit:n  the  energy  developed  is  all  commuoicatcd  to 
rternnl  botliei,  such,  for  example,  rh  the  pistou  of  «n  engine. 

284.    Kael«a«r  •{  Mbmb  1b  a  n*B-c«BdiiciiMs  L'Tllndcrv — lo    the 

iwent  Article,  the  cylinder  is  RnpiifiiW'd  to  >ifl  sufliciontly  protected 
gainst  any  appreciable  luu^  of  heat  by  conductiuii;  and  xha  steam 
lanatned  to  expand  without  recoiniiig  or  emitting  hcat^  so  th&t 
)  C  in  fig.  109,  Article  273,  is  au  adiubatic  curve. 
The  area  A  B  O  D,  contained  between  that  cnrvo  and  the  straight 
DCS  A  B  and  0  D,  oorreeponding  to  the  prensurea  p-^  and  p^  at  the 
iginning  and  end  of  tho  expansion,  hua  tho  following  valuo,  when 
te  mass  of  steam  under  coniuderadon  is  one  pound: — 

In  fluids  other  than  water,  J  c  it  to  be  put  instead  of  J. 
Inasmuch  as  the  latent  beat  of  evaporation  of  one  pound  of  steam 


r,  ID 


r.^  =  H'  =  a-l 


.  6  *i  =  1 109500  -  MO-4  r,  neaHy, 
fcj  transform  the  expression  1  into 

j{'i-'t(l  +  Hyplog^^)}  +  'J^H' (lA.*) 

It  IS  often  convenient  to  consider  ilie  action,  not  of  one  pound  of 
esm,  bnt  ik>  ranch  steam  as  fills  one  cubic  foot  when  6rst  admitted 
fto  the  cylinder  at  the  pressure  p^.     lu  this  cutic,  we  have 

II  A  B  ^  u,  =  1  cubic  foot; 

I  D  C  =  U)  =:  r  ratio  of  expanaloa; 

tb«  area  A  B  0  D  Ia  found  by  multiplying  the  expremion  (1) 

*  Id  tafing  tho  fonnulie  1  iad  1  a,  and  tbon  tkdaoed  ftoin  tboo,  tba 
~  utioDi  tn  convmieat; — 


_I(^-%) 


—  •■  f  1  +  hyp  log  ^) 


DUriy. 


Marlr. 
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br  D^  ^  — t  tha  wdlglit  of  one  cubio  foot  of  mtunted  sta«m  at  t&e 
presBure  of  admiBrioo.     Observicg  farthtir,  tiiat 

VB  find,  per  cubic  fact  oftUann  adimUedi 

in  which  Dj  and  L|  can  be  found  from  Table  IT. 

From  the  above  equation  2,  and  the  properties  of  tho  adialmtac 
carve  already  «xplained  in  Article  281,  iire  do<luc«<l  tiie  foUowins 
formuW,  inoei  of  which  have  reference  to  the  action  of  <mg  cuhie 
fiat  of  Bteam  admitted;  pressoree  being  ex[n«aBod  ia  £&«.  on  tit 
tquanfaol: — 

Data. 

p^f  abaoluto  prMmire  of  adminion; 
Pp  abflolute  pregsoro  at  end  of  exponaon; 
pg,  mean  absolute  book  prewure ; 

r^  (=  T^  +  461'-2  Fahrenheit),  absolute  temperatuzv  of  feed 
water; 

T,^,  ordinary  temperature  of  condenatiaoj 
Tp  ordinary  tonipcratore  of  atmoepheo^e. 

Kebults. 

TmtperaturM  corresponding  to  the  soveral  pressuros  to  be  found 
by  equation  2,  Article  206,  or  by  Table  IV. 
JUUio  qfexpaTigion — 

||=r=^  (773  D.h„  logs +  ^),.....^^, 
Energy  per  cubic  foot  ofeleam  admiUed — 

UD,  =  jri>,{^-.,(l+hyplog^)}+^^»L, 

+  ''(pi-ft); w 

Mean^ective  preaxure,  or  enmjy  per  cubic  fool  swept  tJ^njugk  if 
pitUtn — 


.^&) 


tTNJACKETED  BTEAM   KKGISB.  S8S 

'  Ibi.  on  the  squaro  inch,  divide  thu  by  144. 
Bmt  expmded  per  wbicfool  o/ntaxm  aivnUei — 

H,D,  =  JDJ.,-*0  +  Li; (6-) 

\HmU  trptnM  per  eu&ic  foot  auxpt  through  6y  pUton,  or  presturc 
to  Meat  eaipendad — 

5^; (7.) 

\  Sffidmcy  of  ^tam,  =j-; (8.) 

\N0tfmd  tpofop  pm'  oubic/oct  of  iUam  admiited — 

D,;....- (9.) 

J^etfeed  toalar  per  wine  foot  moept  through  by  piston — 

5»; (.0.) 

ffetU  r^$etedper  cubic  foot  ofgUam  admUtal — 

H,Di  =  (H,-TJ)D,; (U.) 

Heat  rejected  per  cttbicfoot  guxpt  through  by  pirionr— 

H,D,^(H,-U)Dt. 

r  r  ' ^    ■' 

Lbe.  of  waiter  to  be  injected  into  the  eondenter  (if  any)  to  abttract\ 
heal— 

♦■JCTb-T.)' ^    -^ 

Ctibie  Jeet  to  be  swept  Vtrough  by  the  piston  per  minute^  for  eacit 
iiaUed  hone-power — 

33000        33000 r  ... 

s^="uDr' ^^^^ 

Aimlahle  heat  expended  per  indicated  horse-power  per  Aotir— ^ 

1980000^* 

The  foUowiog  is  a  numerical  example : — 
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Initial,  pj, 

Fintd,  />j. 

Bock  pnaeiiire,  p^ 

Offeedw&ter(4.) 
Of  coudenaation  (o.) 
Of  atmoepbere  (6.) 


Lb*,  par  aqoan  in^.     Ltit.  per  tqtnn  foot 


3371 

io'i6 
5-00 

Orditutiy,  T. 

95" 
59 

BSSULIS, 


iuntitia  ftmd  by  TiUo  IT.       T.  r. 

CorreBponding  to  py       357        7 18*3 
«  »      Pr       "94        655*3 

Energy  per  cubic  foot  qftteam  atlmiUtd — 

IT ©1=772  X  0-08286  |  718-2  —  656-2  (l  +hyplog  ^^|^1 

X  59720  +  2-875x743 
7557  foot-lbs. 


63 


'   718-2 
=  182  +  5339  +  3136 
Jfwn  ^icHve  pretmre — 

* ^  =  Q.X7q°  ^^^^  '^  "^^^  *^^  square  foot 

=  18-25  IIm.  on  the  square  inoiL 
/Tea/  expended  per  cubic /oo(  of  steam  admiiied— 

Hi  D,  =  772  X  0-08285  (7 18-2  —  556-2)  +  59730 

=  10362  +  59720  =  70082  footrlba. 

ffeat  expended  per  cuhio  foot  no«pl  through  Ay  piaUm^  or  u 
equivalent  to  heat  expended — 

IT   T)       7(M)K9 

-^ — ^  -  i^m'  24376  Iba.  on  tlie  square  foot 
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££icien{y  of  eieivei^~ 

V  _  7559      2G29 
H'i"70Ub2*  24376 


18*25 


-0-1077. 


imm    24376     169-3 
Mfeed  uu/er  fer  cttbie/ooi  *uxpt  through  hy  piiion — 

7*  *  ^^5^  =  *^'*'28S  »1^  =0-00046  cubic  foot  nearly. 

fetU  rejected  per  cubic /oct  qf  sieam  admitted — 

Hj.  D(  -  70082  —  7057  -  62525  foot-lha. 

YttU  r^ected  per  cubic  foot  mxpt  through  hy  piston-^ 

62525 
2-876 


,24376—2629=31747. 


Tnjectian  water  rcqmrtd  to  cottdense  the  aieam,  per  cubic  fool  Kwept 
Uurough  by  piiton — 

21747  1 

772x(104-59)  =  Q'^^^  lb.  =—  cubic  foot  neariy. 

Ctdtic  feet  to  be  fwept  tJirough  by  the  piston  per  minule^  for  aicA 
W  3629 

I 


(or  1 3-55  X  60  =  763  cubic  feet  per  hour). 
XvaiiabU  heal  expeaded  per  iTidieated  futraC'pouxr  per  luntr — 
1,980,000 


«  .^,'=  18,384,400  foot-lbs. 
efficiency  =  O-I077        ' 

To  show  how  this  expenditure  of  available  beat  is  connected 
TiLh  the  conKQiuptioD  of  coal,  let  the  coal  be  of  euch  a  quality, 
that  the  total  heat  of  combtuitum  of  one  lb.  of  it  ii 

10,000,000  foot-lba. 

(oorrespoDdiug  to  a  theoretical  cvajiorative  power  of  about  13-4). 

Let  the  efficiency  of  the  turnacxt  be  0-54;  ao  that  the  amiraA^ 
beat  of  oombuatiou  of  one  lb.  of  coal  is 

£,400,000  foot-lbs. 

3%en  the  ocmmmptioa  of  coal  in  the  engine  now  uui\ist  c»:f^^ 
Uoa,  per  indicutcd  hone-power  per  hour,  ia 


5400000 


The  following  ai*  some  dedactiona  from  the  previous  talc  i 
tions: — 
SAfted  water  par  indkatod  horm-jMimr  per  hour— 

0-0288  X  753  .=  21  -7  lb*.  =  0-347  cobio  foot 

Injection  toaier  per  indicated  furrte-power  per  hour — 

0-62*J  K  753  =  4714  lba.  =  7-54  cubic  fccL" 

285.  A|»pr«xlauu«  PaniBlB  1»r  Kon<c«a4Hcli»c  Crlhidoifc— Hh 
formnln  in  tho  preceding  Article  which  give  the  meiio  effntiw 
imasare,  and  the  work  of  a  given  quantity  of  steun,  are  ineofr 
vcoiciit  in  practice  from  the  Icngtli  of  tho  ctjculutiuns  which  th«ir 
use  involvf-H,  and  from  the  circumstance,  that  although  thej  aem 
to  comi}ute  directly  the  ratio  of  expansion  when  the  initul  aai 
final  precsnres  are  giren,  they  cannot  be  so  emplonred  when  tke 
initial  pressure  and  ratio  of  expansion,  but  not  the  final  preanic, 
are  given,  except  by  the  aid  of  a  tedions  process  of  trial  and  error. 

For  pnctical  u^e  in  ordinary  cases,  therefore,  it  is  dwdrable  lo 
have  a  set  of  formuhe  in  which  the  oomputations  are  leas  tediooh 
and  which  can  be  used  directly  when  the  ratio  of  expansioD  is  oar 
of  the  datsk  Wlien  the  initial  pressure  is  not  leea  than  one  •tn*> 
sph<>re,  nor  more  than  twelve  atmospheres,  such  a  set  of  fovod^ 
sufficiently  accumto  iu  all  ordinary  oases,  are  deduced  froni  tt» 
fact,  already  stated  in  Article  282,  that  during  the  expUBtt 
working  of  steam  represented  by  an  adiabatic  line. 


px 


y_^»  nearly. 


The  following  are  the  formuhe  thus  obtained  :— 

Data. 

Pi,  abfiqlnt«  pressure  of  admission; 

r,  ratiu  of  expansion ; 

pg,  mean  absolute  Imck  pressun; 

v^  absolute  temperature  of  feed  water — 

(=T4  +  46r2); 

T^  temperature  of  condensation; 
Tq,  temperatnre  of  atmospheres 

*  The  fcndiinHBlsl  flmnolc  of  Artlde  2S4  were  flnt  pnbUtbad  Is  a  paptrem 
the  Bojsl  Sodtty  In  DtMrnUr,  l%&3,  »ad  pat>lut>ed  in  Um  PMiiiMt?plucat 
tiOMt  tor  1854.     Tbo  mme  b^nnuVB  «ai«  vNin  <6HMni««&  WVtuiwi^— tly  bv 
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^inal prantre,  Pt=Pi'^     *  i 0-) 

Tmm  total  prexgure— 

p,  =  p,  (lOr-—  9  r-T)>..„ (2.) 

r«(m  ^active  pressure — 

p,^  P^—Ps^pAlOr-'  —  9r~v)  —Pi (3.) 

le  three  preceding  formulie  aro  applicable  to  pressom  expressed 
ij  kind  of  units. 

'per  cubic  foot  ofsteajn  admitted — 

rp,^r{p^—p^^Pt{lO  —  Or-i)~rp^; (4.) 

rbich  the  preaBures  iirc  m  lbs.  on  Uie  equare  foot. 
facilitate  the  use  of  these  formuliQ,  the  Talucs  of  tho  ratios 

£:.10f-'— 9r-t; 
Pi 

^^=10  — 9r-f; 
Pi 

their  reciprocals,  are  given  in  Table  VH.  at  the  end  of  th«* 
le,  for  values  of  the  "  admusion  "  or  "  cut  off"  -,  increasing  at 

T 

<\>y  differences  of  0-025,  oud  afterwards  by  difforonooa  of  006. 
lediate  values  of  the  above  ratios  can  easily  bo  computed, 
required,  from  those  given  in  tho  table,  by  intcrjmlation. 
bere  the  approxiniabo  foiTauloB  of  tho  jiresent  Article  are  used 
'  ealculatiug  the  eneigy  exerted,  and  the  mean  effucUve  pressare, 
le  eanMnditnrs  of  Heat,  the  ffed  water,  injection  water^  &a,  may 
l^^KAf  be  compated  hy  the  fortnulse  already  given  in  the  preceding 
LArticIe.  But  in  cases  where  special  accnnioy  h  not  required,  the 
|«X|wudituru  of  heat  may  be  computed  approximately  with  leas 
I  trouble  by  the  following  approximate  formulse: — 
^■ifeerf  ta^endtd  mfoU-lbt.  per  cubic/oot  of  steam  aJmittmi — 

^r  H,  D,  =  I3i  p,  H-  4000  nearly, (5.) 

9,  being  in  Iba.  on  the  aquanfool; 

S«at  expended  per  eubio  foot  twept  through  by  pieton,  or  presrure 
to  heat  expended-^ 

H,D.  _  13^  p.  +  4000  Ibe.  per  acynarfe  foot.  . , 

"""T~"  r  *' -^ 
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BqniTalent  pressure  in  1      13^  y,  +  27-7_lb«.  per  iiqqare  Indi .,    ] 
ibi.  per  square  inch  /  **  r  '  ^1 

In  the  following  numerical  example,  the  preceding  approziiBttf 
formula  are  api'Liod  to  the  case  already  calcalated  iu  the  precwlJi^ 
Article,  the  rbtio  of  expansion  being  suppoaed  to  be  givok 

Data. 
Initial  preagore,    p^ »  33-71  Ibe.  per  square  inch ; 
lUtio  of  expansion,        r  =  2-87£,  m>  that 

Admieaon.  -  =  0*318: 
r  ' 


BCSULTK 

Computation  of  the  ratio  ^,  fiwm  Table  VII. — 
ft 


Pi 


•OS 


'Z5 


•6&7 


■058=  A. ix  1-16: 

r 


Thrwfore,  for 


i='348  =  -3ff  — -MS, 


^-  -697  —  002  X  1-16=  -695  nearly; 

^mn  toUU  prestun — 

p.  ^  33-7 1  X  COfi  «  23-43  Iha.  on  the  square  inck 

P*  - 1««  —  A  «  33-13  —  6-00  =  1813  Iba.  ou  the  square  inob; 
The  Huoe  oa  computed  by  I   ,  q  „, 
the  exact  formula        *'  ^  l»25 


« •bout  ^ 


nifTorenoe^...-.  +018 
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to  heat  ta^endad^ 
13^x33-71 +  27-7 


2-875 


=  166  lb&  on  the  square  iiK^; 


Rame  as  comptitotl  |    i  fn.<i 
by  the  exact  lunuula,  / 


F  about  A< 


DUTurcnoo, —  3-3        , 

o/th«  tieam,  i?^=  0-1110 

I  The  same  an  computed  by  \      n.i  077 
the  exact  Ibrmulse, / 


about 


Difference, +00033 


.!Ilui  etroTB  arising  firom  the  nso  of  the  approximate  fonaulfB,  of 
examples  have  just  bvcu  given,  aro  iu  luoKt  cases  ptuotically. 

rrtanL* 
Fm>  wf  A»  Mmm  JJMk«l,  aad  DM  Air  Ja«hM.f — Tho 

idnn  theoreticaily  demonstrated  in  Article  2^i,  tbat  when  s' 

'Other  saturatc>d  vapour  iu  expanding  perfoms  wurk  by  drivinj 

.piston,  and  recetvea  no  heat  from  without  during  that  exTiansion 

portion  of  it  must  he  liquefied,  ia  confirmed  by  experience  ia 

tit^am  engines;  for  it  bos  been  ascertained,  that  the  greater 

of  the  liquid  water  which  collects  in  unjacketed  cylindera,  and 

rhich  was  once  supposed  to  bo  wholly  carried  over  in  the  liquid 

ite  from  the  boiler  (a  phenomenon  called  "  printing")  is  produced 

liquefaction  of  pai't  of  tho  atemu  durii]};  itu  expaiisiou;  and  ulso 

it  the  princijiftl  effect  of  the  "jaeixt"  or  annular  caiting  envelop- 

Uie  cylinder,  filled  with  hot  steam  from  the  boiler,  which  was 

le  of  the  inventions  of  Watt,  is  to  prevent  that  liquefaction  of 

in  the  cylinder. 

That  liquefiurtion  docs  not,  when  it  iirst  takes  place,  directly 

institute  a  waste  of  heat  or  of  energy ;  for  it  is  accompanied  by  a 

spouding  performance  of  work.     It  docs,  however,  afterwards^ 

Ml  indirect  process,  diminii^h  the  efBciency  of  tho  engine;  fi 

le  water  which  becomes  liquid  in  the  cylinder,  probably  in  tl|' 

of  mist  and  spray,  acts  as  a  distiibuter  of  heat,  and  equalii^ 

*  Ihtm  apfTOxinuu  IbrmolM   Hera   firat  publMbad   lo  A  Jfam 
ft^mim,  1858,  Ankle  6fr6. 

t  Aidehi  7H6,  387,  ?88,  ud  289,  an  to  a  gnat  extent  «xtiae 
I  a  pai«  rud  to  tha  Boyal  Sodety  io  Jaooaiy,  lS5a. 


was       , 
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of  tempentorOf  abstractmg  beat  firom  the  hot  and  deiuu  steu 
during  itA  admisaion  into  the  cylinder,  and  communicatiDg  ^ 
heat  to  the  cool  and  rarefied  iteum  wliieh  is  on  the  point  of  being 
diacbarged,  and  thiu  lowering  the  initial  pressure  and  iiicieMtBf 
the  finu  prestniru  of  the  atcam,  Ijut  lowenng  the  initial  piuWM 
much  more  than  the  final  pressure  is  increased ;  and  ao  prodoiui 
a  losB  of  energy  which  cannot  be  edtimatcd  theoreticallr.  AooaTO 
ingly,  in  all  cases  in  which  steam  Ls  expanded  to  more  than  Urn* 
or  four  times  ite  initial  Tolume,  it  has  in  pmctice  been  foood 
■hdvantageoiis  to  envelop  the  cylinder  in  a  steam  jacket.  Ute 
liqnefiwtion  which  woold  otherwise  liave  taken  place  in  tht 
cylinder,  takes  phic«>  in  the  jacket  instead,  where  tho 
the  liquid  water  produces  no  Ixid  otTcct;  and  that  water  is 
to  the  boiler. 

In  duublo  cylinder  engines,  where  the  oxpaosion  of  the  steaa 
begins  in  a  smaller  cylinder,  and  finishes  in  a  larger,  the  umil  i 
practice  ia  to  have  steam  jackets  round  both  cylinders ;  bat  a  a  I 
few  examples  in  which  the  smaller  cylinder  alono  is  joeketod,  tfct  I 
liquefaction  is  foimd  to  be  prevented,  showing  that   the 
during  its  passage  from  the  small  into  the  large  cylinder,  I'ectiTM 
Bufficiunt  beat  either  directly  from  the  amall  cylinder,  or  indireeti^ 
hy  conduction  from  the  small  to  the  large  cylinder  (which  is  in  elosi 
contact  with  the  small  cylinder),  to  pnrvont  any  appreciable 
of  it  from  condensing. 

It  is  (Iciurablo  that  a  sroall  qnantity  of  the  steam,  not 
in  culcukting  the  efTicicncj  uf  the  engine,  should  be  liqaefic 
order  to  lubricate  the  packing  of  the  piston,     lliis  gesieaSfy\ 
take  pltux)  iu  jacketed  engines,  and  is  probably  the  efibcfc  of  at 
tion  between  the  pflrticles  of  water  and  the  metaL 

The  effect  of  a  gtenm  jacket  in  preventing  condonTOtion  mayhf 
produced  by  a  hot  air  jachft;  that  is,  by  u  flue  round  the  cylinder; 
or  by  enclosing  the  cylinder  in  the  smoko  box,  as  i>i  done  in 
locomotive  engines.  The  advantages  of  this  are  well  si 
Mr.  B.  K.  Clark's  work  on  Railway  Machinery.  WitJk 
Appamtus,  however,  there  is  not  the  same  security  against  oVtf' 
dryness  of  tho  packing  that  thei-e  is  with  the  steam  jacket 

287.  EHctcacr  ft  Drr  HaiMnuoi  mmm. — In  the  following  inf» 
tigation,  it  is  asfiumed  that  the  steam  in  the  cylinder,  whib 
expanding,  receives  just  enongh  of  heat  from  the  8t«om  in  tte 
jacket  to  prevent  any  appreciable  part  of  it  from  condensiiig,  wrti- 
out  superheating  it  Tim  asRumption  is  founded  on  the  Uxt,  Ait  I 
dry  steam  is  a  bod  conductor  of  heat  as  compared  with  liquid  watK 
or  with  clondy  steam,  and  that  afU^r  cloudy  steam  hoa  recoifvl  j 
enough  of  heat  to  maVe '\t  ^^ ,  ut  lun.^^:^  4ks^,\\wUl  receiw  adfr 
tiozuU  heat  very  B\ow\y. 


namption  is  justified  hy  the  fact,  that  its  reenlte  are  ooa- 
ty  oxpetim«iit 

lyinbol  V  is  uned  to  donote  the  Tolume  of  one  pound  of  steam 
I  /«^  aiid  the  (Tiobol  p  to  dvuoto  pruasuro  in  pound*  on  the 
aotf  K>  that  pressure  in  pounds  on  the  square  inch  is  denoted 


1 1 0,  let  B  O  K  be  the  curve  whose  co-ordinatoB  repreeent 
imes  and  pnesurea  of  dry  saturated  fiteam. 


sRT  aannuTBD  vtbax. 


m 


\ 

n 

I              

Rg.  110. 

Ta,  =  Pi,  and  AB  =  v,,  represent  the  preasure  and  volmno 
non,  and  t^  the  ootTeiiponding  absolute  tempemtura; 
tD^^p^  and  D  C  =  tfj,  represent  the  preaaure  and  volume 
end  of  the  expamdon,  and  rg  the  oorresponding  absolnte 
iture;  then 

—  =  r  is  the  ratio  <>f  expansion,  and 

—  =  -  the  admisnon,  or  effxtxve  cvi-ojf, 
»,    r 

P=  jDg  be  the  pressure  of  exhaustion; 
I  be  the  absolute  temperature  of  the  feed  water. 
B«rgy  exerted  by  one  pouad  of  atcam  is  represented  by  the 
tlie  diagram,  couaiBting  of 

the  orco  A  B  C  D  =  /     v  dp,  and 

the  area  E  F  D  G  =  »?j(;ij  — Pj); 
expenditure  of  heat  per  pound  of  steam  conmsts  of  the 


ppurtii:— 


heat  J  (r^  —  rj;  the  latent  heat  <A  eva,^ 
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at  7^;  and  the  1aU:nt  heat  of  expaiuiou,  wliicb  is  coiiimmuc«tip4 
from  tho  steam  in  tlie  jacket  to  th&t  in  the  cylinder. 

Tbu  work  of  one  |K)iiiid  of  dry  satumted  steam  exceeds  tbKt  <i( ' 
OQO  pound  of  steam  which  cxjianda  &om  tlie  same  initial  presun 
to  tho  same  final  pressure  without  receiving  heat,  to  an  anoant 
repreeented  by  the  excess  of  the  area  A  B  C  E  F  A  above  the  cor- 
reqiODding  area  (or  an  unjackctcd  cylinder,  while  the  expcmlitiirf 
of  heat  is  greater  by  the  quantity  wliich  the  steam  in  the  cyUadet 
recoivea  during  the  expuuciiou  represeutod  by  tho  curve  B  C. 

The  latent  beat  of  evaporation  of  one  ponnd  of  steam  at  thr 
absolute  t4;mperalum  r,  may  he  expressed  with  aocuncy  sofSciait 
for  Uio  jiurpoees  of  tho  present  iurestigatiou,  by  the  fonnuU 


wbcn 


H'  =  o  — 6r; 

o=  1109.100  foot-lb6.; 

6  =  540*4  foot-lbs.  per  degree  of  Fahrenhrat. 


"(».) 


To  find  the  area  A  B  C  D  A,  which  repreaents  part  of  the  ei 
corresponding  to  any  valiio  of  p,  the  \tuuo  of  v  u  to  bo  cxpr 
in  termn  of  H',  tho  corresponding  latent  beat  of  ei 
according  to  the  principle  of  Article  25G,  giving 


V  = 


a  —  6t  , 
rfr 


(ii.5 


dp 


which,  being  miJtipHed  by  ^  d  r,  and  integrated  between  t^ 

C  the  initial  and  final  temperatures  of  the  expanding 
obtain  ' 


for  the  area  A  B  C  I)  A— 

-a-hyp.  log.  ~-i(»i  -t,); „^) 

to  which,  adding  the  rectangle  D  0  K  F,  the  etwrgy  cocerted 
piaton  by  one  pound  of  steam  is  found  to  be 

U'=  l^rdp  +  vtip^-p^f 

>=«-hyp.log.p^  _ft(ri_Ts)  +v^{ps-p^-r (1) 

in  which 

a  K  1100550  tooV\\«.^b  =-^^aAWAAfc.^«x%a^Mi^Vdi. 


s 


DKY  SATURATED  8TKAK. 


309 


nmMX  UTBCTtrE  prxssvse,  or  work  per  onit  of  Tohune  trar 
' '  by  Ibc  piatoo,  is 

I <^> 

lieat  expended  per  pound  of  steam,  by  a  different  mode  of 
non  from  that  previoiisly  given^  is  computed  as  foUows: — 
of  the  seosiblti  heat  for  raising  one  pound  of  water  from  the 
itare  of  the  feed  to  the  final  temperature  of  the  expansion, — 

It  beat  of  evapomtion  at  the  tomporature  t^ — 

I  tran^onned  into  mechanical  energy  between  the  tempeiaturcii 
id  T»— 

A  B  C  D  A  =  I     vdp,  as  in  eqaation  2. 

I  addition  of  thefw  quantities  gives  for  the  M-hole  expcndtttire  of 
in  foot-pounda  of  energy  per  pound  of  ntcam, — 

j)  =  J  (t,  -  T,)  +  a  -  J  ••,  +  I     vdp 

J  pi 

-J(r,-T^  +  a(l+hypIog^^-6., (5.) 

(J  =  772  foot-pounds  per  degree  of  Fahrenheit), 

14  heat  expended  per  nnit  of  space  traversed  by  the  piston  is 
raleut  to  a  prcaeurc  whose  iuteuaity  Sa 


b-^^s 

Xbe  EPFiciESCY  of  the  st«am  is  the  ratio, 

U'+J, 


(6.) 


.<T.> 


16  ei)ei:gy  exert«d  by  the  steam  on  the  piston  to  the  heat  ox-^ 
'  on  the  steam ;  and  that  ratio  having  been  determined,  tbf 
le  heat  of  a  pound  of  fuel  may  be  computed  from  the  ind' 
work  per  pound  of  fuel,  or  vim  veraa,  by  means  of 

available  heat  _  f| 
indicated  work  ~  U' 


STEJUl   Ain>   OnXCB   HEAT   EXOINES. 

In  ttte  practical  use  of  equatiooa  3,  4,  &,  6»  7|  and  8,  the  uohI 
data  are, — 

the  iniiial  pragun  pj^ 

the  ratio  o/ ejcpansion  r, 

the  back  premire  pg, 

and  the  abstUtUe  temperature  of  ihe  feed-vxder  (^  =  T^  ^.  4Cr'*2. 

From  pi,  by  the  aid  of  known  fomiulffl  or  of  Table  VL,  are  to 
be  found  Tj  and  Uj.     Then 


r  tJ,  =  r. 


s> 


and  from  v^  by  tbe  aid  of  tbe  same  fonntilse  or  of  Tablo  YX,  at* 
to  bo  found  Tj  and  p^  and  diua  are  completed  the  data  for  the  oh 
of  equations  3  and  b. 

Let  O  L  =  Pq  represent  the  |»%asnre,  and  L  K  c=  Vg  the  toIoik 
of  a  pound  of  steam  at  some  standard  temperature,  aucli  as  that  odf 
melting  ice  (t,  =  32^  +  46r*a  =  493' a  Fahrenheit^,  and  lot 


.(9.) 


be  the  area  contained  between  L  K  and  another  pamllol  onliuatt 
of  the  oiirvu  B  G  K  correspond  in}{  to  the  absolute  toiajx^mturc  r. 

Then  by  the  aid  of  values  of  the  function  U,  an  given  or 
pointed  in  Table  YL,  the  equations  3  and  5  can  be  put  in 
following  form ; — 

U'  =  U,-U,  +  i;,(ft-ft); (Itt) 

|r  =  Ui— TT,  +  J(tj  — Tj+a— 6t, (U.) 


=  U,-Tr,  +  H,-A,;. 


.(ii> 

in  which  last  ex.presHion  for  the  heat  expended,  H.  denotca 
Uital  heat  of  evaporation,  Jrom  tq,  ai  r^,  aud  h^  the  boat  mvbiI 
consequence  of  tho  temperature  of  the  feed-water  being  T|, 
of  that  of  melting  ice, — both  quantities  as  given  or  iaU 
thti  colnmna  respectively  headed  H  and  h  in  Table  VL 

The  followiug  stotemi^nt  then  gives  at  one  view  the  fornt'Jfj 
applicable  to  engines  worked  by  eenstbly  dry  saturated  steam:— 


DjkTJL. 

ppT,  Py  T^aa«i»«&3  *»JaUiSiR^ 
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^  Resuz;t& 

,  Vp  voAotw  of  one  lb.  of  Bteam  uAen  0dmtf<«^  to  be  found  or  in- 
"  in  the  column  headed  V,  Table  VL 
Tekmu  tU  md  of  ecEpannon, — 

''«=♦•  «i; (13.) 

mai  pnwwre,  p^  and  temperalMre  Tj,  to  be  found  or  interpo- 
I  in  Uie  columns  headed  P  and  T,  Table  VL 
'^  IT,  energy  exerted  by,  and  %  heat  expended  on,  otm  Tb.  ofdm/m,  to 
iftimd  by  equatdons  10  and  12,  with  Table  VI.,  or  by  equationB 

~  0,  without  the  Table. 
I  Jfton  fffeeAve  prsMurv, — 

^  R  =  P.-ft  =  ^ (W) 

Prmw^e  equivaletU  to  eacpenditnire  of  amaUdbU  heat, — 

P^=^; (15.) 

Effiaeney  of  lAecan, — 

P>,f«-n^g. (16.) 

'  Ret  feed  toater  per  eidnc  foot  swept  through  by  pi^on, — 

^=^: 07.) 

Meat  refected  per  lb.  qf  steam, — 

5-ir  =  H,-A,-t,,(p,-p3); (18.) 

Seat  Tweeted  per  cubic  foot  stoept  through  by  piston, — 

^=^.-^-^ ("»■) 

It^jeeUon  toater  required  per  lb.  of  steam — 

(Tj,  temperature  of  condensation,* 
Tq,  temperature  of  atmosphere). 

!l-TT'      ■ 

772(T,  — Ta)' 

2d 


A  " 

i»  iVvNac  Amk  tenate  to  hi  m^at  mIokDj  working, ' 

'  tfc»  4h^mm  iftnaa^  vUck  it  Bom  at  each  jiorwaxd 

if  dooUe  acting; 
^  MMlaliaas  par  miniite; 
Xlhetotol  maantteoedMedloAeiiistaB;  Uien,asi& 
S^aaiAitida  Mi,  ianu^  i,  ikb  mmyy 

N«R  =  N<Ai>.; 

5»00  ' " ^"' 

alao^  the  ATsiUble  h«at  tA^tmfkd  per  mioute  is 

»*Aa. (26.) 

988.  'ipiwiilMani  rarwHto  IW  Itar  rhaiiili  ■  TiiiiB — ^As  tfal 
fonoube  of  ibe  ptvcediog  Artick-  nxjuiiv  in  tiieir  uae  a  oonadeaUl 
amouut  of  adcalation,  it  is  desmhle  co  have,  for  the  pnrpooe  of 
nolving  ordinaiyjmetioal  problenui,  spproximste  fonnola  of  a  i  ^ 
simile  kind.  Thoae  which  will  now  be  oxpUuDed  have 
aniTcd  at  by  a  prticess  of  trial,  and  their  agrui^iueat  with  the ' 
farmalSf  and  with  experimeDC,  has  been  tested  for  initial 
nnging  from  30  to  120  pounds  uu  the  sqaare  inch,  and  far 
of  expansion  TAiying  from  4  to  1  ti.  Ther  mav  thereforo  be  af 
vith  confidence  to  engiuea  working  within,  these  limitH,  and 
bably  souiewhAt  above  them;  but  for  preasiircs  much 
130  Ibe.  on  the  inob,  nnd  ratios  of  cxpauaioa  much 
it  is  advisable  for  t^MHHBt  to  use  the  ezoct  formuhe. 
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TIhe  foundatioa  of  the  approximate  formuUe  is  the  fact,  that  fd 
not  exceediujt  120  lbs.  cm  the  inch,  or  17,280  lljti.  ou  the 
foot,  the  eqoattou  of  the  curve  B  C  K,  tig.  1 10,  is  very , 

P^v  ~re (1.) 

.^K'hia  equation  Ib  very  convenient  in  calcmlation,  because  iin 
itb  root  can  be  uxtrnctcd  with  grtab  rapidity  to  a  dcgrcu 
Accuracy  suffioient  for  practical  p«rtx>fli»s,  by  the  aid  of  a  table 
squares  alone ;  and,  by  a  little  additional  labour,  without  any 

whatsoever. 

Xiet  r,  as  before,  be  tlie  ratio  of  expansiou;   Uicn  wo  hail 
idently, 

t final preseuro —  Pa  =  Pi'^  ~  wJ (^) 

itneryj/eieertMi  on  the  piston  by  qw  pound  o/stmm = area  ABC  Fjj^ 

^^  =  j^p^^^p-^(Pi-P^U 

=  .;,U(l7r-'-lGr -,")-/.,}■; (s!7 

V 
imcon  total  premire,  —  +i'»J (*■) 

=P.  =  Pi{i1r~'-nr-"t); (5.) 

I  nuan  effective  preasitf^  or  enei^  exerted  per  cubic  foot — 

V         /                            il\ 
A  =  i>-  — ft=-'=Pi(^nr-'— ISr-.flj— py (6.) 

It  18  evident,  that  if  the  pressure  of  exhaustion  pjf  be  given,  and 

f  two  out  of  the  three  following  quantities — the  luitial  pi-easure 

tbe  mean  effective  pressure  p,  —  pj,  the  ratio  of  expannion  r — 

le  fourth  quantity  can  be  calculated  dlrcL-tly,  if  it  is  ono  or  other 

'  the  prossuree  ^j,  p^  —  p^;  and  if  it  is  the  expansion  r,  it  can 
id  by  approximation. 

The  anprfiximate  forraula  for  the  expenditure  of  heat  per  lb. 
1,  which  haa  been  found  by  trial  to  agree  very  closely  witb 

act  formula  within  the  limits  already  specified,  and  when 
1  water  is  supplied  at  a  temperature  of  from  100'^  to   1! 
luvuhdt,  ia  as  follows : — 

i.lHp.^,J-^; r 


so  th&t  tb0  hmd  MfmtAd  jmp  mite  fooly  or  tbe  ^   _         ^^ 
JiH$  t^yitlon  to  wUieb  Uie  expenditure  of  hcAt  w  ^mwoIa 


P»  = 


r 


Zhii  gives  Ibr  Ute  «^'mey 


F--& 

A 


T7' 

T 


n— I6r-ii 


bf  meiuis  of  wlitch.  vTtra  the  vork  of  a  pound  of  ooftl  ii  k 
avulibt«  heat  can  bo  computed,  and  no»  twwt,  as  vHli  < 
fonnttla. 

To  fecUitnte  the  me  of  these  anprDximato  fonnu]«,  Tall 
at  the  end  of  the  Tolome,  gives  tne  rados 


5?.17r-'  — I6r~ii.and 
ft 

^1^=17  — lOr-ii. 


and  their  reciprocals,  for  a  aerie*  of  valnea  of  1 
band  diTisioQ  of  die  diagnun  opposite  page  568  shows' 
id  Pm+Pi  for  %TU'ioii8  viunes  of  I  w-r  by  itutpectioD. 
Metrical   Approximation   to  that  ratio,  see    the  Append! 

3^<  A.  KraM|il««  «f  tlM  Actlwa  «r  l>rT  a«iMr«i«^  iMvaK. — 1 
l^vtuf;  rxnmpl'^,  being  taken  from  the  pcrforroaiiee  ol 
M^M,  Ktv  intx^nded  at  once  to  illustrate  the  use  of  the . 
^  Artit^lod  287  and  288^  and  to  oarapan  tlieir  rcmUfis  wit" 
intent. 

comptiriiiH  the  resnlts  of  formnhe  for  the 

4I  iMUu  with  ttioM)  of  the  indicntor  diagruua  of 

^Vi  eacmoted  that  the  indicated  preastirea 

0^  wiuaeai  during  or  at  the  end  of  the 

^^  «tch  th^wp  given  by  calciilntion ;  because 

MMv  dlrRiat«lj'  upwanls  Ami  ilnwnwards,  arise 

^  ^  in^hntor,  the  elastic  vibrations  of  the  indicator  spr 

^  adNttkiV  of  the  partinleit  of  the  steam  it^df     In  td 

^  «  (MW^te  stroke,  however,  thoae  deriAtiona  iicutrml 

^^^ wwak  Um  indicat^Ml  niea»  fffeetivt  jtreasitre  ought 

^a  A^  S****'  ^'y  theory,  if  the  theorr  in  sound.     Aba 

.  yi»  fqiiare  iacb,  or  73  Iba.  on  the  aquarc  fb 

Umit  of  trrror  in  indieator 


iiarc  loiA 
lordjad 
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o  exBJDpIes  of  the  application  of  tbc  fonnols  to  acttml  engines, 
of  the  comparison  of  their  results  with  those  of  expcriroeat| 
excd. 

I. — Donble-cyliuder  engines  of  744  indicated  horae- 
'i  aUctdated  by  exact  formule: — ^ 


Bottom  of  Top  I 

c;  linden.  qrliui 

of  admission,  ;>,  -^  144, 337  34-3 

pTcssnre,  pj-^  144, 4-0  4-0 

itio  of  exjuiusion,  r^ 4^  6^ 

itj  temperature  of  feed  water  T^  =  ftbotit  104*  Fabreu- 


t'LATED  Results — 

Bottom, 
volume  of  1  lb.  of  st«am,  T*«rtjj,    50*375 

il  prewure,  yjj^  144, ' 7'3^7 

fork  of  1  lb.  of  steam,  T7', 109557 


effective  pres-  "i     jj 


^P^-Pi 


I5» 


■are  in  pouuds  on  /■ ,  -, .  -  =  ■  ^,  ;v -* — 
Uieinchr. r^*"^       ^*-* 

[eon  of  both  resuIUi, 

lean  elective  pnesure  as  obacr^'ed,  | 
being  the  mean  result  of  a  series  > 
of  diagrams, ) 


Difference, 

^g  within  the  limits  of  errors  of  observation. 


Top. 
74*4 

4*867 
'»7338 

10-95 


13-03 
1310 

—0*07 


Bottotu. 

Foot-llM. 


^Mt^l 


Foot-^bL 


vailablo  heat  exiwnded  per  pound  1  ^  o                  ^  1 

of  steam.  % .!r...„.....  /  ^^^^9           93567* 

ire  in  pounds  per  square  inch  1  c           «/; 

equivalent  to  heat, /j^- 144, /  "^            004 

Mean, 1057 


leacy. 


Pm~Pt 


CI  21 


Mean,  ISOS*  105-7, 


o- 


«ro  t)i«  rnpoM  maiB  br  U«Mn 
'  built  l>v  Mr.  Junes  B.  j!l«|>ier. 


lUndftlph,  Elder,  ft  Ca« 
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vrux  iSD  attOB  auT  raoana. 


xVrf/oai  teatar  par  aAie/bo$  me^  IktmtgA  bjfjntloiu— 

j\  BoOdh.  Tm.^ 

—1  in  pounds • 0-0199 

Ueui o-Di(?7 

ITaafr^oeCacZiufooi-pouDifaperpoand  )    70*  ,«  soS 

Per  cnbic  foot  swept  thnnigh  by  pbtoas,     15,830  i< 

Mean, 13,347 

It^jtetion  wakr  reqoired  in  pouAde  per  \ 

cubic  foot  swApt  thnxigfa  bypuitoiu,  >  o'SS^ 

T^ -T„  being  «iRpo«^=  45-, ) 

AvaUaibU  hnt  expended  per  hour  in  foot-poandi  per  11 
hoz«ft-pow«r — 

1,980.000     1.960.000     ,..^^ 
Effide^  =  "OOST  -  "'»f^'«»- 
The  Rctual  oonninipcion  of  oofti  was  3*97  Ibe.  per  indiated 
|tDwer  per  hoar;  beoce  ibe  KTulable  faett  of  combostifn  of  1 
Ute  oou  was 

wbicb,  if  tbn  total  heat  of  combustion  of  1  lb.  of  th« 
iiiHtod  at  10,000,000  foot-lbs.,  gives  for  tbo  e^ideney  qfi 

Examph  It.,  tlie  aamo  enginea  oaloalated  by  approxiiut«  ^ 
muhe : — 


Data— 


U«.pfff 


Heau  pressure  of  admiaaion,  -^r =  34] 

Mean  back  pnwmire,  -.^ 


Moan  cot  off, 
Rrsultb— 


1     0-24 +  016 
r^  2 


0-3 


Mean  gross  preasnre,  -^  =  34  k  -505 'ITJ 

Mean  effective  pressure,    ■ .    Z^,  calctUated, x^; 

observed,...  _. ty 


tDifferonoe, +0 
I'rcssure  eqniraleut  to  expeDditnre  of  heat,  p^  +  144,   105 
Efficiency, 


0125. 
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iIm  for  mtmrtr^wT  siwiBi.— The  nilcs  of  Articlea  287  and 
S88  Uti  accomte  for  one  mode  of  expansive  workuig  onij.  The 
firet  five  rules  of  the  present  Article  ai-e  iipj>liciiblo  to  till  modes  of 
expanFive  working,  provided  only  that  the  cylinder  is  siipplied  with 
beat  enough  to  prevent  any  Urge  quantity  of  liqitid  water  from 
aocuinnlating  in  it;  so  that  the  steam  may  be  said  to  be  iiearly 
dry;  and  the  last  nix  rules  give  results  for  proposed  engineti,  that 
are  accurate  enough  for  mnst  pmoticftl  pnrposee. 

la  fig.  IIOa  let  a  F  G  B  H  K  a  represent  the  indicator  diagram 
of  any  steam  engine,  F  being  the  point  of  aduiissiou,  G  that  of 
cut-ofl^  6  the  point  of  release,  where  the  exltaust  port  is  opened,  H 
the  end  of  the  forward  stroke,  and  K  the  point  where  "cushioning" 
(if  any)  begins  (see  page  420.)  Let  the  horizontal  line  through  C 
be  the  xcro  lino  of  abitoltite  preMtnren,  no  that  heights  above  that 
line  represent  abtiolute  pressures  of  the  staim;  B  C,  for  example, 
being  the  ahsohite  pressure  at  the  instant  of  relesiae. 

Through  B  draw  B  A  pamllel  to  the  zero  line;  and,  if  neoesaary, 
vet  hack  the  point  A,  so  as  to  nllow  for  clearance  (see  p<^  418), 
in  order  that  the  length  A  B  may  represent  the  whole  voluiDe  of 
steam  oontaincd  in  the  cylinder  und  [Kirts  at  the  instant  of  relotaa. 
Prom  A  let  £all  the  pt^rpendicular  A  O  upon  the  xoro  line.  Then 
horizoutul  diHtunces  on  the  diagiTtrn  from  the  lino  OAF  re|irosent 
Tolumes  occupie<l  by  the  steam  in  the  cylinder. 

Then  if  we  calculate  in  a  series  of  pi»rticidiir  cases  by  equation 
&  of  Article  287,  puge  399,  a  quantity  which  may  be  called  the 
hoot  ofrdeam,  consisting  of  the  total  beat,  sensible  and  latent,  of 
"•he  volume  of  steam  A  B  at  the  absolute  pressure  C  B,  t<^ether 
■with  tlie  qoantity  of  heat  which  that  steam  would  carry  off  from 
^e  cylinder  and  \'alvo  ports,  supposing  it  to  expand  doMm  to  tho 
Iback  prennre  without  liquefaction,  that  quantity  is  found  to  W 
CiVf>n  approximately  to  the  accuracy  of  about  1  per  ocut^  by  tho 
•olliiwing  rule: — 

L  Multiply  the  product  of  the  absolute  pressure  and  rolume  of 
^-^  —  steam  at  the  point  of  release  by  10  for  a  condensing  engine,  or  by 
*^  for  a  non-condensing  engine;     The  result  will  be  the  mechanical 
"^  Uivalent  of  the  heat  of  release,  nearly. 

T'n  represent  the  preceding  rule  graphically,  in  fig.  110a  produce 
*•  JJ  to  D,  making  A  D  =  10  A  B  for  «  condensing  engine,  or 
^  A  It  for  a  not! -condensing  engine;  complete  the  rectangle 
^  DEO;  then  the  area  of  that  recUngle  (=  16  or  l/i  A  B  •  B  C) 
*I  >r>SL'nts  tho  heat  of  release,  in  units  of  work. 

The  area,  A  B  U  K,  of  that  part  of  the  steam  diagram  which 

^^  below  the  pressure  of  release  re[)re«ent8  a  portion  of  heat  saved 

^"fc  of  the  heat  of  release,  by  conveniion  into  mecWn.\ca\  -wotYv  t«A. 
aru%  AF  G  Bjoi  tiiat  part  of  the  steam  di&^nun.  viVxqV  Vueih 
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above  the  pressure  of  rolcase  represrata  an  odditiotial  expenditnn 
of  heat,  all  of  which  u  convei-ted  into  work.  Uenoe  the  following 
iTileB:— 

n.  Whole  heat  ex]iended  on  the  steam  =  arcft  A  D  E  0+  aiw 
APGB. 

III.  Heat  coDverted  into  mechanical  work  =  area  A  F  G  B  H  K. 

IV.  Heat  rejected  with  the  exhaost  steam  =  area  A  D  E  O  — 
area  A  B  H  S. 

V.  Efficiency  of  the  ateam  = —  ^^^  „  ^   ■ .   „  -  ^ 

''  area  A  DEO  +  ansa  A  FG  K 

In  applying  the  same  principles  to  propoeed  enffinn,  the  shvae 
Aesnmption  may  be  mode  as  in  Article  278,  pages  375  to  377 ;  tlutt 
is,  A  B  may  be  treated  as  repreaenting  the  whole  ca[kacity  uf  the 


Fig.  110a. 

cTlinder;  and  K  A  F,  F  G,  B  H,  and  H  K.  as  stmight  linea. 
Ui«  ex|WuiMoii  curve  O  B  may,  witUout  material  error,  b© 
as  a  common  hyperbola.     To  produce  inch  a  curve,  the  Rteam ' 
c'outuiii  a  little  liquid  watur  on  its  admission,  or  immodiatdjr  i 
wai-ds;  and  that  wutcr  must  bo  evajwmted  during  the  ei  _ 
by  means  of  heat  communicated  to  it  from  tlie  cylinder, 
must  receive  heat  either  by  jacketing  or  by  superheating. 
Then  the  following  approxinmU  ndea  are  applicable: — 
VL  To  calculate  i^ia  aheuluU  yraaun  o/releate;  divido  the  h 
Absolute  pressure  by  the  rate  of  expftnsion;  that  is  to  saj,  umka 


^  =  ? 


■iU 


VTL  To  calculate  the  ratio  of  the  mean  ah^aluU  pramut  tol 
initjal  absolute  presoiire;  make 

pm  _  1  +  hyp  log  r, 

K"  r  ' W 

r  denoting  ttio  rate  tA  uTtyanwo-ft.    ^ot  ni^iux,  *&  •Om*  x^Ho 
reciprocal,  BeaTaUe  XV.^  v^  ^^'^* 
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VIIL  To  calculate  the  mean  effective  pre$8ure;  fivm  the  mean 
absolute  pruamuv  Hubtract  tliv  mean  bock  pressure,  eaUnuLtcd  us  iii 
Article  2W,  page  382;  that  is  to  say,  u  before; 

Mean  effective  pressure,  pt  =  Pm  ~  Pt (^) 

IX.  To  find  a  pnaaun  equivcJtnt  to  the  rale  of  expenditure  of 
available  fteat:  to  the  moan  abflolnte  prffuturo  add  1.1  timed  tbe 
prciBure  uf  release  in  a  coudenHing  engine,  or  14  times  that  pressure 
in  a  noD-condeiiding  engine;  tlmt  is  to  say,  make,  in  condensiug 
engines; 

Pfc-P-  +  15  ft; (4.) 

or  in  non-condenaiiig  engines,  ^M 

P»=7'-+  Hpj (4a-) 

X.  The  efficiency  of  the  steam,  &a  before,  is 

fi^        Pk  ^  ' 

XL  The  mechanical  equivalent  of  tlic  rejected  heat  is  found  by 
mnltiplying  tlio  space  swept  tlirough  by  t)io  |)i8ton  by 

15^  4- j)j  in  condensing  engines;....'. (6.) 

or  14  p^  -^Pi  in  non-condensing  engines (6^) 

ExAupL£. — Dula — Cond<m8ing  engine,  abtsolute  initial  preasuro 
Py  =  34  IbfL  on  the  square  inch.  ^M 

Rate  of  ox[)RU8iou,  r  =  9.  ^| 

Mean  hack  presnure,  Pj  =  4  IbsL  on  the  sqnare  inch. 

BvuUs. — (1.)  Pressure  of  release,  jp^  =  pj  -f-  5  =  6*8  lbs.  on  tbo 
iiqiiare  inch.  ^1 

Therefore,  mean  abdolute  pressure,  p^  =r  31  x  0-523  =  17-75 
llis.  nn  the  tiqnnre  inch. 

(3.)  Mean  effective  pressure,  p^  —  ^s  =  13'7£>  lb&  on  the  squaru 
inch. 

(4.)  Presntre  equt\'a]ent  to  rate  of  expenditure  of  available  heat, 

/>,  =  17*73  +  (li5  X  6-S)  =  11975  lbs.  on  the  square  inch.  ^ 

13'75  ^H 

(5.)  Efficiency  of  steam  =  yfiffk  =  0-115.  ^ 

(6.)  Mechanical  equivalent  of  rejected  heat  =  space  swept 
(hrongh  by  pii^ton   x    106  Iba  on  tlio  square  inch.* 

•  TIjp  mlM  of  tiiia  Article  first  appearwi  in  Vb«  Et\rj\TMtrr  <A  "Ob*.  ^*^ 
JnouMfy.  JHOtf,  where  examplem  are  {^veu  m  gnm\ut  ^Wi^ 


s 
fii  S-  i  *^' 
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nZUt  AXt>  OTHER   HKAT   ESQJSCa, 
28d  A.      CMritewta*  Blck  Pmii    B«clac«>. — ^TIuB   t«nn   ! 

applied  to  engines  auoh  aa  Mr.  Beatuu'a  locomotive!,  in 
ttiUiouKh  tbo  steam  ib  duciiarged  front  the  cylinder  a^  or  •  I 
abovo,  the  ataoBpherio  presare,  a  portion  of  it  ia  oondaued 
tlie  purpoao  of  heating  thv  feed  water,  the  remainder  beifij 
to  make  a  blast  in  the  chimnej.     Thu  is  effected  fay  cona 
tituam  tluxiitgh  a  brtuich  from  Uie  exhatist  pij>e  into  a  dote 
tiiHMigh  which  there  falla  a  shower  of  vrs.teT  &am  the  nter  i 
From  the  bottom  of  ttiat  vessel  water  is  ilrewn  by  the  ftod 
and  forced  into  tha  buUer,  its  temperatnie  being  usually 
SOO*  Fahrt-nlieit  , 

In  apj)1yiiiK  the  exact  forinulw  to  this  case^  T^  is  to  be  vuiT. 
^  200°  Fuiiruiihuit,  or  whatever  other  tempOFaiure  the  bad  valtr 
may  have. 

In  appl3ring  the  ap[iroximate  fonnabB,  the  results  of  the  IbUov- 
isj;  calculation  will  in  geneml  be  fotm<l  sttiBclontly  accujute. 

The  approximate  expresnion  already  giren  fur  the  expcndittn 

of  hottt  per  unit  of  volume  swept  through  by  the  piston,  ris,,  — ^-^. 

was  obtained  upon  the  supposition  of  the  temperature  of  the  feed 
wat«r  being  10i°,  or  thereabouts.  Referring  to  Article  2J5  a. 
and  to  thi!  Table  in  page  256,  let/  dimote  the  "/actor  of  snifMni- 
turn"  for  the  boiling  point  of  the  water  in  tlw  boiler,  and  f  -  ^'  ■ 
temperature  of  feod  water  104^^;  and  lt>ty  be  the  Ikctor  of*' 
tion  for  the  Baiiiu  boillug  point,  and  for  tho  tciniMsrature  ot  uirti 
water  i!00^;   then  the  expenditure  of  heat  will  be  reduced  vay 

nt»rly  in  tho  proportion  ^,  so  tliat  the  approximate  fonuola  forth* 

expcntlitore  of  heat  i>cr  unit  of  volume  swept  through  by  ths  pistati 
will  now  be 


rvj      /        r     ' 


■(!.). 


For  example,  let  the  boiling  point  be  320*"  Fahrenheit,  wl 

corre^xmds  to  a  pretture  of  Si>-8G  Iba.  on  the  square  inch  In  all,  or 
75  lbs.  above  the  atmosphere  nearly ;  then 

/  =  1-04;/=  115;  and 


H, 


_Up, 


nearly. 


(I) 

^ft  Tlie  pipe  fur  couductlug  steam  hom.  ihe  exhaust  pipe  to  \3ii 
^H.  oondcu  '  '-)  a  cock  or  valve,  by  means  of  which  ita  opening  i* 
p     ailjuii^  't  transmits  the  greats-ait  quantity  of  steam  ooffi* 
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ible  witli  comi^ete,  or  ocarly  complete,  coudensation.  AcoordiDg 
[porimcnta  on  Mr.  Bcattm's  engines  described  hy  Mr.  Fatrick 
rliiig,  about  one-fottrth  of  thu  whole  exliauat  steam  is  required 
this  purpose;  and  the  remaining  three-fourths  uv  adequate  to 
Inoe  a  sufficient  blant  iji  th«  chimney. 

)0.    DWcmicci  htvmtmn   FrcMRre  1«    B«ll«r,  mmd  iHltlal  l*rt'— ■t'g 

[CrUMrfer. — WIrc-Drnwii  Sicbh. — The  fall  which   the  pressure  of 
atcam  imdergoi-H  during  ito  possi^^  from  the  boiler  to  the 
ier,  is  due  to  tho  following  caciwa:— 
The  resistanoo  of  the  :rt>oam  pipQ  through  which  the  steam 

from  the  boiler  to  the  valve  box. 
The  reRiBtance  of  the  reguhitor,  or  throttle  valve,  hy  which 
steam  pipe  is  pirtially  closed,  in  the  same  manner  witli  the 
)ply  pipt^  of  the  whtor  pi-wwure  engine,  fig.  40,  Article  1 32,  pogo 

The  resistanoo  ef  the   "portg"  or  steam  paflsages  throngh 
the  Kt«iin  ia  admitted  from  the  valve  box  into  Uie  cylinder, 
which  upu  at  tiriu«  |«rtialiy  cl«i»ed  by  the  valves,  so  as  to  have 
nsistanoe  increas«L 

The  disappearance  of  actual  energy  whou  the  steam  passes 
the  ports  into  the  cylinder,  excliangiug  its  previous  xmpid 
ion  for  the  comiMuutively  slow  uiotioij  of  tie  piston, 
is  impossble,  in  the  present  ittate  of  our  knowledge  of  the 
ties  of  steam,  to  calculate  separately  the  loitses  of  pressunt 
I  to  tbew  four  causfA ;  and  even  were  it  possible,  the  complexity 
resulting  foimula  would  be  out  of  proportiou  to  its  practical 
'.  AU  that  can  for  the  present  be  done  is  to  use  the  thwwy 
I  di'icharge  of  gases  through  orifices,  aa  explained  iu  Article 
I,  in  order  to  find  the  prolmble  form  of  an  approximate  fonnnla 
the  whole  loss  of  preraure,  and  to  determine  a  constant  co^ffi- 
it  ill  that  formuhi  empirically  from  experiments  on  existing 


beet  collection  of  experimental  data  on  this  subject  is  con- 
in  Mr.  D,  K.  Clark's  work  on  Hailway  Maehmery.     These 
an.'  Uiken  partly  from  tlie  experiments  of  Messrs.  Gouin  and 
Ehatelior,  and  partly  from  Mr.  Clark's  own  experiments;  and 
,-kDe  to  a  cei-taiii  extent  i-educed  to  general  lan-s. 

lOngsC  other  general  result*,  Mr.  Clnrk  tiuds  that  the  effect 
re«9tance  in  the  steam  pipe  is  inappreciable,  when  the 

area  of  that  pipe  is  not  less  than  t\  of  the  ar*^  of 

for  steam  in  an  ordinary  state  as  to  dryness,  and  not 

ian  iV  for  steam  in  a  very  dry  state ;  the  mean  spfH-ni  of  the  p 

exceeding  600  feet  {Hir  minute,  or   10  feet  [tur  seoond. 

lows,  that  in  a  well  coiiHtriieted  engine,  the  stfai< 

proportioned,  tluit  sujj>pDaiug  the  daiuitj  oC 


led 


ional 


4he  vdoeity  of  Uw  Bteui 
abost   100  feoi  per  HooDd,  i 
wmj  W  iMgjhwitwl     Hue  toiHl 

in  pwrtiBft  of  the  OT\!IiurT 

m  from  SOD  to  . 
Aoold  be  abaot  A  l: 

a  A  fpfifrly  pcopoctto&ed  i 
it  ■  wide  opcB ;  and  vten  it  ■  '^ 
flf  i—rtf— tiral  rdatioDS  b«tweai 
qnimporhint,  bw!u»1 
Aa  n^atnr  iwiaiiaJ  to  {vodooe  as^  i ' 

1Wa«  naauft  to  W  wwArfwi,  tbe  wwihmcft  of  the  cjrUi 
p«t^  aad  Ika  lav  «f  haad  aa  — *^™g  tfaa  cflinder. 

Is  AMiiia  St^  MiCnn  I,  ia  ghraa  an  aKfrcBBtMi  ibr  Uw 
af  ft  pa  ra^^s  t****^  i*^  adin^  from  a  afpace  in  wUob 
iay^ii*aaifa»ia'atiefcthBunaMmji»ft.     To 

hft  Aa  aqaatioB  to  tfM  notetian  of  tlMfKCW* 

fa  tbe  iiiiwaiii  ia  Oa  boakr  and  vain  dHM» 

tatJMHi  ia  te  OTfiwIer,  instoad  of  pmi 

rf«  to  deaato  tte  greatest  mloci^  of  floT. 
of  tbe  lyatioQ ;   diride  by   3  9;  and  (at 

ita  equrakot,  £,;  ihai  we  faava  lor  tiw 

V— 


I 


fa  Steam,  tmtod  aa  a  perfai  g^  bacww 

^^n a) 


^  =  J6«-7r,{l_ 


Awa  awiVigy  vith  tb«  fiov  of  Hqmda  asd  of  air»  it  la  prol 
tbat  vb^  beadn  prodncing  a  ctirmit  of  atcam  of  a  ca 
Ttiodijt  tba  ififfavance  of  pcuBore  ha*  aba  to  overoome  the  bit 
of  a  panwob  tbe  IcA-bftikd  side  of  tfaa|«eeedi2]^  equation  should  be 
■litephed  Irf  1  +  F,  r  being  a  *"  fator  of  nsstanoe"  (oB  in  Artidft 

Iba  qiubtity  Y*,  bccg  the  mtem  »qvar$  of  tbe  Tdodty 
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which  the  steam  ant«i-s  the  cylinder,  may  he  treated  as  the  product 
of  three  &ctora,  viz. : — 

The  aqtmro  of  the  mean  velocity  of  the  pistoo  (let  this  be  denoted 

The  square  of  the  ratio  in  which  thu  area  of  tlie  piston  exceeds 
the  area  of  the 


I«rt  {^i 


A  factor  depending  on  the  figure  and  manner  of  motion  t^  the 

For  aimplicity'a  suke,  take  tho  product  of  this  last  fector,  and  of 
the  factor  1  +  F,  vhich  may  be  denoted  by  oue  symbol,  B.  Thcu 
the  formula  for  the  "  loea  of  head  "  sasteined  l^  the  steam  beoomce 


BVA* 

2? 


^•  =  3a.r.{i-(^3«-}. <..) 


_  ring  the  following  formnJa  for  computing  the  ratio  in  which  the 
abwJute  prewure  of  the  steam  fidla :— 


a  =  {i- 


BVA« 

2  ff  X  3667  r^  a' 


4« 


.(3.) 


The  co-efficient,  B,  is  to  be  determined  empirioiUy.  As  a  heats 
ibr  thifl  determination  in  tho  case  of  diy  steam  may  be  taken  one 
of  the  general  GonclusioDit  arrived  at  by  Mr.  Claik,  viz.,  that  when 

—  as  15,  and  V'^  10  feet  per  second,  -  ^  0-84  nearly;  tho  pres- 

■are  in  the  %-alve  chest,  p^,  being  on  an  average  !>0  lbs.  on  the  square 
incli  or  thereabouts,  and  consequently  the  alisolutc  temperature 
r,  =  330*  +  46r-2  =  7ar-2  nearly. 

These  data  give  B  =  32*4,  and  consequently 


B 


2yX3667 
that  equation  3  becomes 


32-4 
23Glfi-d 


1 
'726' 


p,-   r       726rioM       ^    ' 


Jn  all  oesee  in  which  the  diiTcrcnce  between  />»  and  p,  is  sduUI, 
the  I'oUowing  formula  is  a  sufficiently  cloeo  approximatiou : — 


180  Tjfl,*^ 


,\^^ 
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The  foUmring  example  is  a  case  to  vhicli  the  appi-ozinut«  te- 
mtiU  dou)  not  apply.  The  ilata  ore  sucli  as  are  sometlmmi  md  witt 
in  Cornish  single  actiiig  engines  >—> 

T'  =  $}  feet  per  second;   -=130; 

♦j  =  746*3;  whence 

^  =  0-8336       =0-468; 
P» 

m  Utat  if;;,  =  52-53  Ibe.  per  aquure  inch,  P|  =  24  Ilia,  on  the  arium 
iuch. 

In  the  next  example,  the  approximate  formula  is  applioatfe; 
And  the  data  arc  Btieh  as  are  vety  cotnmouljr  met  with  in  dooUi 
acting  expansive  c-nginea. 

V'  =  4  feet  per  second;       =35; 

r,  =  2C6"  +  46r'3  =:  73r-3 ;  whence,  hy  equation  5, 
£^_j        lOOOO 


Pt 


130896 


=  I  _0-0764  =0-9236; 


&w, 


«o  that  if  Pi  =  39-3  Ibo.  on  the  square  inch,  pj  =  3G'3  Urn.  eB.4br 
square  inch,  the  Ioks  of  pressure  being  3  lbs.  on  the  aqture  nulu     ^ 

It  ap]K-an)  furthur,  frum  the  expcrimeiita  of  Mr.  CWk,  that  lb 
lom  of  prefwure  of  mintv  steam  in  tmveraiug  pasagee  exceeds 
of  dry  steam  in  »  projxirtion  wliich  caouot  be  computed 
any  Miproach  to  preciidon,  but  which  ranges  from  1  ^   to  :2^ 
Bonietiuios  eveu  to  3. 

The  loss  of  head  which  ocomrs  during  the  passage  of  stfl«m 
the  boiler  to  the  cylinder,  does  not  wholly  rujiresent  ieoMtti  sa^yy,' 
for  being  expended  in  fViction,  it  produces  heat;  so  that  sSiM 
which  has  hud  its  jircssnre  lowered  by  the  reaiBtanoe  of  p«m^ 
or  as  it  is  called,  has  been  WTRE-DKAnTf,  is  guperieat«d  (that  is,  is  it  > 
temperature  higher  thuu  the  boiling  point  correBpoiidiiig  U>  in 
pressure,  although  lower  than  the  temperature  in  the  boikrjh 
has  alniady  been  stated  in  Article  353,  Even  suppoang,  bo«  ~ 
that  no  euei-gy  is  Uii-ectly  wasted  wbeu  steam  is  wire-druwn, 
is  still  an  indirect  waste  of  energy  from  the  lowering  of  ita 
Miie,  which,  by  dimiuishlng  the  forward  prcssore  upon  tlw  i 
tts  compared  with  the  Inck  preasun>,  and  by  diminiatditt 
ext4'iit  nf  expansive  wco-king  of  which  tiie  steam  is  capable, 
ita  eflieiency. 

When  an  en^ne,  vXvewAtiWis  Vj*  Xn  Nurft  we^vn.^  ^  Rimini 
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it  is  better  to  diminish   the  mean  effective 

ting  off  the  odmiaiioa  earlier,   and   so  working  with  & 

ratio  of  expansion,  than  by  contracting  t]ie  oi)«.-uing  of  th« 

yr,  und  so  lowunng  the  initial  pnesure  by  wir6-dr«.wiiig,i 

ler  method  maJcos  the  engine  more  economical,  the  lattoF 


of  the 


-Some  of  the 


of  energy 

ft  ateum  viiffiiie 

jvmtbe  ideal  form 

phm  atreftdy  been 

jMoidcred       inci- 

^t&Uy     in     the 

ArticlcB 

Fttib  section.    In 

rjffceent  Article 

nioro    impor' 

1%  and  usual  of 

lew     demtioD* 

n  to  be  eUaed 


Fig.UL 


TT 


Bd  ooiuideiied  mora  in  detail 
Theae  counes  mar  l>c  thiut  classed,— 

iCkuaes  which  afiuot  thu  jiower  of  the  engine,  an  well  a*  the 
tha  diagram: — 

X.  Wir&-drawing  at  cut-off. 
11.  Clearance. 
m.  Comprefiuou,  or  cushioning 
IV.  Rrlpjwe., 
V,  Condaction  of  heat 
VI.  Liquid  watvr  in  the  cylinder. 

which  affect  tbo  figure  of  the  diagram  only : — 

Undulationfl. 
I.  Friction  of  the  indicator. 
X.  Position  of  the  indicator. 

L   Wire^ratinftg  at  CtU-off, — The  valve  by  which  the  steam  ia 
fitted  into  one  end  of  the  cylinder,  closes,  in  order  to  cat  off 
)tb  Admission  of  eteom,   not   iDRtanlanoously,   but   by   drgnefl^ 
beriAlly  when  it  is  a  slide  valve.     In  cooBennence  of  this,  th 
M  of  pKSiiure  by  the  steani  in  {Kuising  from  the  ^-alvo  cheat  intdl 
Eb  cylinder  grodnally  incwjases,  and  the  preesnre  of  the  ittcmm  in 
lie  cylinder  begins  gradually  to  diminish,  before  the 
lorfng  of  the  ralvej  so  that  the  top  of  the  diagram, 

3  B 
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igfa  hj  the  puitoD  per  Btioke;  and  let  L£  =  N  A^oA« 
repreHent  the  cleaniucc.  The  ateaui  heing  cnt  off  at  B,  A  B  in  tlie 
diagmm  A  B  C  E  F  A  ajtpeara  to  rAjiriiseiit  the  volume  of  steam 
in  the  cjliuder  at  the  instant  of  cat-oif,  and 

rF"?"AB"    * 

the  apparent  cat^ff  and  ratio  of  expansion.  Bot  the  real 
lame  of  steam  in  the  cylinder  at  the  tastout  uf  cut-off  is  K  B, 
"uid  it  expands  to  the  volume  LI;  so  that  the  tkU  cut-olF  and 
ratio  of  expansion  ai^ 


in 


l+e' 


LI        I+c       ff^  +  o/ 


NB      1 


+  0 


T+Vr 


r-{^.) 


IfOtJt  fim'm  is  compUidy  exhaiuted  from  t/te  <ylinder  duriny  «ach 
TtiturH  atroke,  the  clearance  producee  the  following  eflV^t  on  the 
expcDditure  of  steam  and  of  heat     The  ajyparetU  volume  of  steam 

«dmitto<l  {)er  Htroko  bcinX  A  B,  and  tim  retU  volmiie  N  B,  the 
'SqwDditiire  of  stnun,  and  consequeuity  of  beat,  ia  inoreaaed  by 
,  xeaaon  of  the  clearance  in  the  ratio 


AB 


=  l+cr'. 


.(5.) 


^ht  the  same  supposition,  that  the  8t«i.m  is  completely  exhausted 

rfnring  each  return  stroke,  the  mean  absolnte  pressure  is'  diminished 

■tearly,  but  not  quite,  to  the  extent   expressed  by  the  following 

-tfortnula,  in  which  fS^  is  the  uctiud  mean  absolute  pressure,  and  p^ 

rhat  that  preasore  would  be  vith  the  real  expansion,  r,  if  there  ver« 

cU-urauoe : — 


P'-=P-  — c(Pi— p.) 


.(C) 


le  diminution  of  mean  pressure  is  not  quite  to  the  above  extant; 

"'BaoM  the  energy  iiith  which  the  steam  rushes   iu  to   fill  tlie 

■Stance  is  expended  |mrtly  iu  impulse  against  the  piston,  and 

}y  in  producing  heat  by  friction  amongst  the  particles  of  atoam, 

that  heut  supLrhfuts  the  steam,  and  makes  a  leas 

to  till  a  given  space  at  a  given  pressure ;  bnt  it  is 

to  consider  this  in  the  calculation. 

ffiicigjtcyq^'tAatteamia  dimiuiahed  neatly  m  l\iQ 


a+«o(p-— ftT 

klbeend«f  lleRivu  i«rok«:  forexufki 

to  II  «»  Ac  ilifiaa.     This  ooofiDcs  » < 

a  the  crfiDder,  wUob  ift  ooiB|K«SB(l  IrT  I ' 

itf  kba  ntan  afenJuv  tw  riae  of  ' 
i7«MMiaK&eiimi«ftHA.     Inthel 
to^  titiBJMlM  «k  A«  m  order  to  miiuarf' 
of  tk«  wwipf— ion,  v^idb  til 
'«f  rttsm  iimfi— |qc*eiMhioDed'i». 

mmSm  toe  ft^wtbig  Iha  aiiiiniMinii  i 

It="'-^» 

it  to  mT«  all  tlw  adt&tiaoik 
lad  fay  «  r'  is  rqtuxioB  6,  i 
[y-per  poWKl  of  atmm  exptvaaed^ 
iiwiqr  yllW  tbtamt  remain*  m 
,  howiffiy,  is  ^miniafaed  in  ilie 

aUAe^furtiji'  ilirf*Htt*1cipoidrfmth>»a» 
liM;  a»  tfcat  if  p,  and  |i  iw|)eUii«ly  lupmumt  thiMt 
■Irwhtiid,  ai  ia  |atihwM  AttiAa,  on  tlw  •apfmiCkm 
:  BD  flioaann^  tk^  «>«  alMrad  TCifeetiTefy  to 


y.^'^;  iid/.-^; W 


«UI»  tka  ^«M  la  k  trnxpt  tknmgk  &y  <A<  |w«Mt  «r  MMati^^! 
*~  ^  ~"'  Aara^pemr,  ia  at  tho  atae  time  imamatd  in  the  ntio 


39000  f^ 


in  cubic  f«V- (IfllJ 


tl>e  prftssnnft  ai«  expressed  in  poniuls  un  the  aquan  fooL 
lb  th«  cose  which  has  now  been  oan6iikn<d  of  adjusted  cuihio*' 

the  fraction  .-  i     j  of  a  whvlo  oyliadeif ul  of  i 


rr. 


COHDUCTIOH — VATEB  IN  CTUKDER. 

ed),  perfomut  the  part  of  a  cii.Hhinn  «c(V)r<ling  to  the  principles 
>wu  fur  buat  engines  in  generul  in  Artidu  3C3,  while  the 

^— ; .  performs  the  effective  work. 

BtUoM  means  opening  the  exhaust  port  fur  the  cscaiio  of 
»  Bteain  before  the  forwani  stroke  is  finished,  iu  urder  tn  (liuiinigh 
lb  tttck  presiure.  In  an  engine  in  which  there  is  no  releatio  (llie 
ts^iii^t  |H»rt  ofiening  exactly  at  the  end  of  the  forward  stroke),  the 
iloring  the  return  stroke  is  usually  a  cnn'e  more  or  lesa 
=--^  ^.-.^iiig  the  dotted  line  C  M  K ;  the  lower  side  of  the  ideal  dia- 
huu  usefl  in  ratcuhitiou  being  a  etmi^it  Hue  E  F,  so  ]>lflced  that 
(i  constant  ordinate  p^  is  equal  to  the  menn  ordinate  of  tlie  curve. 
I  K.  I  is  a  stmight  liuo,  whose  oi'diuate  0  L  rcpR^seiibt  the  |>rc«sure 
K  tbe  ooudenser  (or  in  non-condensing  engined,  the  atmospheric 
^•■mre).  fiy  making  the  reletuiu  occur  early  enough,  fur  example, 
pk  the  i>oint  corTL-M]>ondiiig  to  T  in  the  diagram,  the  entire  fall  of 
miBuro  tuay  \m.:  miule  to  take  place  towards  the  end  of  the  forward 
tXnke,  90  as  to  make  the  back  pre&sure  coincide  sen^bly  with  that 
hmKi"ji>ding  to  the  onlinate  of  K  I;  and  then  the  end  of  the 
*f  I  will  a5.sume  a  figure  represented,  by  the  dotted  line  P  I, 
i  usually  more  or  leas  concave  upwards.     Euergy  will  be 

Bpfd  to  tlie  amount  represented  by  the  rectangle  £  F  x  K  I,  and 
^En"  lo«t  to  the  antnunt  reprcscntctl  by  the  area  of  the  figure 
HlTP  ;  &nd  on  the  whole,  energ}'  will  bo  saved  or  lost  according 
^Vie  former  or  the  latter  of  ihuse  areas  is  the  lai^r.  Tbe 
intttciit  saving  of  energy  is  insnred  by  making  the  release  tdte 
|l«ce  ut  a  point  Q  such,  that  aiwut  ono-half  of  thu  fall  of  proasure 
haJJ  take  place  at  the  en<l  of  the  forward  stroke,  and  the  other 
lalf  at  the  eomuiL-ucomeut  of  tbe  return  sirake,  as  indicated  by  the 
lottvcl  curve  Q  R  S. 

V.  Conduction  o/fieat  to  andfroTA  the  metal  ofth*  cylinder^  as 
^/VI.    To  and  /rum  liquid  tcaier  eotUahted  iu  the  ct/litulcr,  hoe  the 
W^Sf*-  of  lowering  thu  pressure  at  the  be^nning,  and  raising  it  at 
Hendof  the  stroke,  in  the  manner  already  mvutionod  incidentally 
n  Ai-tiolf  2hG,  thu  lowering  effect  being  on  thi>  whole  gi-eatea*  than 
ihe  mising  L-fiect.     The  gi-nerol  uuturv  of  th«  change  thus  produced 
D  the  dia^^ui  is  sliuwn  by  the  dotted  hue  G  H  I  C  F  in  tig.  113. 
the  bad  effect  of  liquid  water  is   augmented  by  the   increoBadj 
«sistaTice  which  it  praduceH  to  tbe  flow  of  the  steAm  thn»u;;(i  th* 
Mrtii  (aoe  Article  280).     The  remedy  for  these  evils,  by  heati 
iho  cylindrtr  exc<irnjiMy,  has  already  l»oen  meiitiouod.  * 
it90.      Iu  some  ex[>eriuients  the  quantity  of  i^leam  WSi 
Utemate  litjuefactioo  und  evapomtion  iu   tbe  cyliiidt 
htio^o  be  gL-euter  than  the  t^iuiatity  which  pcriVji-uivd 


I 

I 
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STEAM   AKD  OTRXK  HEAT  BNOIhlS. 


* 


VIX   Undulatumg,  such  sa  tboae  sketched  ia  fig.  113,  ai 
by  the  inertia  of  the  indicator  piston,  and  the  elasticity  of  ita  Epring. 


I 


Fig.  112. 


Fig  Its. 


To  dimiDish  their  extent,  the  spiing  of  the  indicator  dionld  beitifC 
and  its  tDcchauism  light.  "When  large,  they  uiakt-  it  txtrvmoly  dif- 
ficult to  di'tcrniine  the  mean  cfiectire  premnre  from  the  diagram. 
In  attempting  to  find  that  preasare,  hy  sketching  a  diagram  frrcd 
from  undulations,  it  is  more  aocurat«  to  drav  a  line,  mich  as  tka 
dotted  line  in  tho  figure,  midioav  Irttteeen  the  ereata  and  lu/iiowg  of  tlif 
wares,  than  to  draw  a  line  emMoaiug  tho  same  an-a  witfa  the  vavy 
line. 

VIII.  The  /riction  of  Oie  indicator,  by  directly  opposing 
motion  of  its  piston  and  pencil,  tends  to  make  tiie  indicated 
vrai-d  prepare  less,  and  the  indicated  back  pressore  greater, 
the  rcAl  forward  and  hack  pretsnre  i-etti^ecti^'ely,  and  so  to  mak 
indicated  energy  less  than  the  real  energy  exerted  by  the  steam 
the  piston  ;  but  to  what  extpnt  in  wry  uncertain.  According  6* 
some  experiments  hy  Mr.  Him  {BnVetin  de  MuUiofue^  roU  xxm, 
xxviii),  the  diminutdou  of  ilic  indicated  enet^  by  the  ftictioa<^ 
tlio  indicator  agrees  nearly  with  tho  work  perfoi-raed  in  n 
tlie  iHction  of  the  steaui  engine;  su  that  the  indicator  shovs, 
the  whole  energy  exerted  by  the  steam  on  the  pisb>n,  but 
nearly  the  v^nful  work  of  the  steam  engine;  but  it  is  doubtful 
far  tins  principle  is  generally  appHcablo;  and  other  ex' 
especially  those  ou  screw  steamers,  are  at  variance  with  it, 

IX.  I'(*»ition  of  /nilicalor. — Experiments  hy  MeaBr&.  Rando^ 
Elder,  &  Co.,  have  proved  what  might  liave  been  expected  from  ti» 
laws  of  fluid  motion,  thnt  when  a  rapid  current  uf  stean:  bi'i*'- 
ttero/ts  the  oriiioe  of  the  nozzle  of  an  indicator,  the  imUc«.u.->i 
sure  is  lees  tlian  the  real  pressure.  Every  indicator,  then-la 
should  be  fixed,  if  possible,  in  a  position  where  it  ia  not  ox| 
this  cause  of  ertoc. 

202.     KcvtataaCB    of   Vmi^m* — '«.»«\tmn    «A  ^--*- — -ii   — ' 


ivvrcomntf 


EPFICIENCy  OP  MECHANIBIC. 
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_  Biiilei}  in  OTercoming  tbe  friction  of  the  mechanism,  in  woridng 

|t)H  fivil  pump,  in  working  the  nir  pump  and  cold  wftter  pump  of 

eusicg  engines,  and  generully,  in  overcoming  all  resistanoes 

vithin  the  engine  itdelf,  except  the  back  pressure  of  the 


knowledge  of  the  amount  of  energy  so  lost  is  still  very  vague 
tindefinit^.  The  formula  (originally  projwstKl  by  the  Count  da 
ibour),  by  which  it  ia  calcuUited  appro xiuuitely,  is  uf  the  follow- 
kind : — 
Lei  Kj  repreaent  the  wteftd  load  of  the  engine,  reduced  by  the 
taliueiplti  of  virtual  velocities  to  the  pijitoa  aa  thf  driving  point,  aa 
A  Article  2(»4.  Then  the  prejudicial  rfisistaDoe.  rftdured  to  the 
kistOQ  also,  (irububly  conNists  of  a  oonstaut  part,  which  is  the  resia- 
jpuw  nf  tJ)o  engine  when  unloadt-d,  and  of  a  part  increasing  in 
Moportion  to  the  uaeful  load ;  so  that  the  total  nemtance^  reduced 

t  piston,  may  be  expressed  in  the  following  form : — 


R  =  (1+/)R,  +  R,; (I.) 


aing  the  resistance  unloaded,  and  /  the  co-efBcient  for  the 
Vsable  part  of  the  reHistance. 

Lot  A  be  the  area  of  the  piston ;  then  the  total  reeistauce,  per 
fmat  ofarta  o/puton,  which  is  equal  to  the  mean  efToctive  preesure, 
wij  be  thus  expreeeed : — 


R 


.(3.) 


t^ideiwy  qfthe  mechanunn  is  given  by  the  formula, 


■*■(/».- Pa) 


1_ 


»1 


.(3.) 


t.i»d  this,  being  multiplied  by  the  ^eiency  ofOus  steam,  and  by  the 
ffieumct/  of  the  fwntace,  givee  the  TenUtatU  ejicienty  of  the  whole 
itcam  engina 

The  unloaded  resistance  is  known  by  experiment  to  range  from 
^  lU  to  about  14  lb.  persquare  inch  of  piston,  including  resistance  of 
lir  pump  (as  to  wliich,  see  p.  S09),  and  to  be  on  au  average  I  lb. 
;>er  square  inch ;  hence  we  may  put,  npproxiniatoly, 

P^  s  1  lb.  on  the  square  inch  =  144  lbs.  ou  the  square  foot. ..(4.) 


rbe  value  of/in  veil-made  engines  in  the  beat  order  ia  «BU»taAM& 


AXP  OTBCB  HKAT  ZXQOm. 


1 


t 


1143  + 


A  in  inches* 


far  tfasOovBtde  Fuubour  kt  -  =  0-U3:  mud  Uuu^  tftUmatpm 

xvlMKmfead  I17  genenl  expe-rieoce,  in  cases  in  vhielt  tliat* 
miiriil  anae  for  iocnued  fiictioD.     In  sach  casts,  then,  «« av] 

fpsfc  lor  tfe  glow  RttcUnce,  in  pouiul*^ 
R  s  H  Bj  +  A  in  aqtuuv  inobBB;. 
aad&r  ifaeflffidcnrf  of  tlw  median  ian, 
B.  R.  1 


In  »(wk  ouM  vhicb  ooonr  in  practice,  a  resdt  neariy ; 
vhh  that  of  Uw  |treoediii£  fvnaulA  is  obtuncd  bv  nupfnaog] 
whole  of  the  pnjndiciftl  resistance  to  be  propartioual  Ui  the 
iatd  i  that  ia,oy  aaikiug 

B  =  (i+/)B,: 

th»  valw  ttj*  bnog  flomevfaere  Ictwoou  OS  and  0-25. 
la  imriar  ctcam  aBginei,  a  further  loss  of  work  t»kes 


I 


iapiMung  backward  iihI  Uteral  lootioa  on  the  water ; 
huag  to  makv  I  +/^  =  frDm  1*0  to  1*67  in  ordinary  a 


GMea 


393.   Aniaa  aT  mmm  *s«ta>l 


'Pantwrt 


giiiii^. — ^The  natuiv  of  thti  jkroblcm  now  to  be  cun&idcnHl 
special  xvlmnce  to  Ulc  aetitxi  oi  satnrattHl  stctam,  has 
vtated  in  gencvil  tenns  in  Article  3G4.    It  was  firrt  unlred 
Coont  de   I^mhoar.      In   that  atttlior's   Botution,   howx'va-, 
vmgJU  <^  sttam  produced  in  the  boiler  in  a  p\x-n  time  vas 
as  a  known  coii^itant  quantit)-;   while  in  tliui  trtfatine,  it  is 
oicailahU  hmt  of  the  furnace  in  a  f;tven  timet  that  will  lie  iTealoti 
a  known  constant  quantity ;  the  prul>li-m  beiii;;,  when  that  qnanti^. 
and  the  uM/U  renstanee  to  be  omrcome  by  lAa  ti^fitu,  and  the  btm 
pregfure,  uud  olso  the  ratio  <ffmpmuion  are  given,  to  find  A»  mm 
telocilt/  vith  uAich  tht  piston  mumove. 

Let  R,  be  the  UKnil  ivsistance,  rednoed  to  the  piatan. 
the  total  reaistance,  as  fxplaine<I  in  Article  393,  is 


R  =  (l+/)Rj+R„. 


-0^ 


Divide  this  by  the  area  of  the  piston  or  pisitons,  in  a  single  cylieiid- 
engine,  or  by  tbo  ann  of  the  larger  jiiaton  or  pistonii,  in  a  doulW 
cylinder  engine;  then 


PUtBOURa   PBOBUaC. 


480J 


i w 

a«Ba  effective  {nvanirei. 
^r'  be  the  apparent  ratio  of  exponsioii,  0  the  deoranoe,  tbeUfj 
'Article  291,  Division  11.,  we  have  for  the  real  ratio  of  expui- 


r^ 


r'  +  c/ 


.(3.) 


Uie  cii»hioruDg  be  itdjufltcd  aa  it  ought  to  be  ao  wi  to  prevent  i 
ible  loss  of  efficiency  by  cUiirance;  tlit-u,  m  in  Artivle  291,  | 
ion  111.,  we  liave  for  the  nxan  ^eetive  pnature  in  an         ' 
>m,  &eed  from  the  effect  of  the  cualiioning. 


the  fmU  ratio  of  cxpaninon  r  find,  by  the  approximate  for- 
I  of  Article  285,  or  Table  V  U.,  if  the  t^linder  is  unjacki'ted, 
by  the  approximate  foruiuhe  of  ArUcIo  289,  or  Table  VIH.,  if , 
'-■  cylinder  is  jacketed,  the  ratio 


the  miliiU  preesure  oftJ\c  s(mm  will  be 


.(5-1 


the  Kpoed  of  the  cugine  will  adjiut  itself  so  as  to  maintain  this] 

[From  the  initial  [jreasure,  by  the  proper  exact  fnrmuIiB  of  Article 
'  or  2H7,  or  approximate  fotxuulte  of  Article  285  or  288,  a»  the 
may  be,  compute  the  prauura  equivaient  to  Ute  Ax/mtdiiun  of 


Pi 


rWj      efficiency  of  rteam  '' 


.<6.) 


number  of  lbs.  of  coal  bnmed  j^er  minute;  \ 
'^mbastion  of  one  lb.  of  coat  in  fiiut-lba. ;  I 
mfton  viiU  mee^  through  ^ecliedj/  f 


I 


nUX   tSO  OTSBK  HUT  BK»¥B. 

J»At= -: 

«  MBg  U>6  leofith  of  stroln^  A  the  anm  of  piston,  and  5 
nninlier  of  nvomtaou  per  miDale,  or  tbe  double  of  that  niuil 
aoooiding  u  the  cofpoe  is  socle  or  doable-actdng.     Thii  toIo 
bring  dinddd  bj  A  grnm  the  JuftmM  moved  throu^  effecting 
Uh  matoo  per  minBte  (th«  back  itrokes  not  bong  nekoudml 
aiogle  ECting-eBgine),  viz., 

N$MS' -.   : „ *M*aU 

rp,A'  ^^ 

Ilia  indiealtd  power,  in  foot-lba.  per  minnte,  is 

^ .  N  A  .p.=  N  *  R; (9.| 

fttid  the  tffketive  potowr 

\;^   ^'-NaR,; .(IQ.) 

uid  thfiie  qn&ntitiea  are  reduced  to  korte-powtr^  hy  dinding  I7 

tiie  effect  of  clramnce  is  inapprooiable  (as  u  often  th* 
caBB  in  practice),  the  preceding  funnalie  are  siinpUfied  br  maloDg 
0  s  0.  This  in  the  cnse  in  Uie  double-acting  eugioi-  &uni  which  tbi 
following  example  \a  taken ;  being  the  aame  engine  whidi  kai 
ftlmuly  been  refen-ecf  t*t  in  Example  I.  of  Artiide  288  a. 

Data. 

Beaistantw  overcome  at  circuufercncc  \ 

of    wheels,   maJdng  one   turn   [ler  >  1S9(K)  lb& 

double  stroke, j 

Cireunift-reuce, 6+-4  feet 

Leugtli  of  titcoko  of  piston, «  =  -l-25  „ 

Joiul  area  of  large  ptstoos,  A  =  9 193  aqoare  inches;  / 1 

ss  ^ ;  ^  ss  1  lb.  per  eqture  inch. 

Back  pressure,  p ^  =:  4  lbs.  on  the  aijuare  indL 

Weight  of  eoal  burned  per  niinut<», W  ^  36'8  lh>. 

AvailabUi  heat  of  eombiLstiou  of  1  lb.  I     .         -  ..^  --^  ,    ,  ,. 
of  coal,  j-:-:m-  J    *  ~  5,400,000  fooUbi 

il 


EXAMPLE   OF  COMPUTATIOK  OF  SPEED.  i2'i 

BESULTa 

Circumference  of  wheels      64*4  .. . 

Double  stroke ^-fS*  therefore, 

R,  =  12900  X  ^  =  97736  Ibe. 

O'O 

"a*  —  QTQq  =  10'63  lbs.  per  square  inch. 

E* 

,  P»-P3  =  Hx  10-63+1  =13-15  lbs.  per  square  inch. 

*  ^,  ^  1315 +  4-00  =  17-15  Iba  per  square  inch. 

I  Pk  by  Table  VIIL  (for-  =  O-s)  l-9a 

,  ^biitialpreasurej>]^=  17-15  X  1-98  =  33-96  lbs.  per  square  inch. 

P  Pi  ^7  approximate  formula  =  — ^—x =;  105*3. 

g  Ap»  =  105-3  X  9192  =  967,918  lbs. 

1  A  W  =  5,400,000  X  36-8  =  198,720,000  fooMbfl. 

J 

'    Uean  velocity  of  pistons— 

AW      198,720,000      „^^  ^  .  , 

aF*  =     967,918    =  2^^"^  ^^*  ^'  "^""^^ 

the  actual  mean  velocity  of  the  pistons  was  204  feet  per  minutcL 
Indicated  horse-power,  from  c^culated  speed  of  piston — 

205  3  X  13-15  X  9192  _^ 
33,000  ~       ' 

The  indicated  horse-power  as  observed, 744. 

Effective  horse-power  from  calculated  speed  of  piijton — 

205-3x97736 


33000 
Effective  horse-power  from  observed  speed — 


=6oa 


204  X  97736      ^^  - 
33000      =^^' 


294.    CmmUmmwT    nWe    sf  Btmatm^    Ptcmom. — Th 

mode  of  stating  pressures,  already  deaciibed  in  Ax 


I 


Km\u  ASD  onm  wur  tmaxm 

nppUf!!)  to  pTAMuree  of  water,  U  also  appUed  to  _ 
Uut  u  to  uy,  Uio  prBBnire  is  stated,  w  it  is  siKwa  In  a 
indioator,  tn  povmd»  per  »piart  inch  aboct  or  hdam  At  Ma 
pnmmre;  a  jiroanm   lower  than  ihi<  atinoaffctrti    p 
timt<<4l  an  ut->;iitivc,  ntu)  called  ^^vacMum."  Fiuiiiim  ' 
cuBtuuiary  ninnuer  are  reduced  to  roal   or  lihanhite 
adding  them  to  ihe  litmospluTic  preararv^  if  poeitira,  aad . 
ing  tbiim  from  the  atmiMpherio  prunurc   if   ufgaiiTu 
axpcriitii-'nts  ou  steam  engitira  iiit^nded  to  aerw  aaa  htmtbrt 
mluulutiuiu   of  efficiency,  tliu  atmospheric  uioaiuie  ot^^tej 
iihnei'vcd  from  time  to  time  by  iiieaoN  of  a  hammcter. 
luH  nut  U-vii  BO  ulMtorvoJ,  it  may  he  gaemed  at  1 4  7  lbs.  oa 
'  a^naru  iuch,  nt  ihu  level  of  the  aeo.   As  to  iU  dimicntioti  at 
UTck,  Hw  Artiolu  lOG, 

To  illiiBtmto  Uiifl  by  an  exam[dc,  suppoae  that  tlie 
Itreoure,  iluring  ii  givi>ii  ex|ioriniinit,  is  actually  147  Iba 
sqnaro  inch;  and  that  tho  proasure  in  the  boiler,  the  initiil 
auro  and  mean  back  pnwiuni  in  thi>  cylinder,  and  the  pecan 
the  condanaeTf  are  Bbown  by  the  indicator  and  gaugtM,  and  daoAnd. 
in  custoniai-y  laugiuffi*,  as  tbltowH : — 

Preamre  in  boiler, 23  Ibi.  on  the  aqoaninciLl 

Initial  preasure  in  cyliudor. 19  „  „ 

Mean  vacuum  in  cylinder, 10*7  „  „ 

Vaoouin  in  condenser, 12'7  „  « 

Than  tho  roal  or  eitohUe  valnea  of  thcae  prcnnres  ar»^ 

rn^Knin?  in  butler,  pi  ^14*7 -|~  -3^37*7  Iba  on  tiia  aqtuue  idcIl 

"i;::!yfx;:r}/'.=H-7+i.=33.7 

M«a. Uukprea.  ►  _ 

sure I  t^* — •*  '       *w*— « 

PruMore  in  onn-  \  ..  ^      , « _       .^ 

deoser, }  "T- 12-7  =  3 

Tbf)  vaouum  in  tlie  condenaer  being  oflen  meaaurod  by  a  me 
curial  gaugv,  Ir  snnu'tinKut  stated  in  ine/ta  qf  mercury.     Aa  to  di» 
ivduoUun  c<f  inches  of  nierouiy  to  lb&  on  the  aijaare  inch,  bm 
Article  107. 

Baanw  6.— On  lA«  Action  o/SaparkMUd  St«am.  ^M 

'ii>&.  9^ttm  Mwl  MMk«4i.  t  •«r«tamua«  MmM. — The  prind|l^| 
u^ivtfts  of  hoatin^  st(«ui  to  a  tt^miiTMtnre  above  the  boiling  potS^ 
awwDoudiii^  to  ito  wcaaure  an*  tlte  f<^<Uowiug : — 

t  Tto  raiae  th)M^^«tnnr  at  which  the  fluid  reoeJTM  heat,  and 
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fto  increase  the  efficiency  uf  the  fluid  (acoordiDg  to  the  principle 

I  Article  36^;  and  that  without  ^inMtucing  a  dangerooB  pressure. 

To  dimimsli  the  dcuaity  uf  tliu  st«am  em]>tQyed  to  overoome 

Teastanoe,  and  ea  to  lc«soii  thA  )>ack  pressure,  according  to 

of  tbi.'  principles  iitatcd  in  Article  280 ;  in  cuBtomary  phxau, 

improTo  the  vacuum." 

To  prevent  cuudtuisatiun  of  tlie  Hteam  during  its  expaoaion, 
ittt  the  add  of  a  jacket. 

throo  effects  all  tend  to  increase  the  efficiency  of  the  fluid, 
economize  fuel. 

le  princijul  inethodo  r>(  !Ri|)erlieatitig  st«irn  are  the  following : — 

n  ir^-draurintf,  as  explained  in  Article  290,  which  occanons 

rhe-iting  whtm  the  premurp  in  the  cylindpr  is  ranch  less  than 

in  the  boiler;  but  seldom  to  an  extent  whose  effects  can  be 

the  Buhject  of  calciiUktion.     ISuperlieating  in  this  way  take* 

more  by  accident  than  design,  and  does  not  aecore  all  the 

itAgee  just  wtciibed  to  superheating;  for  although  the  steam 

e  cylinder  is  at  a  temperature  higher  than  the  boiling  point 

iding  to  ita  prenRui-e,  the  dteam  in  the  boiler  is  at  a  higher 

ituro  still,  aud  at  the  prcKaire  of  aaturation  corre8|iouding 

I  tbat  higher  tem|M>rature, 

[II.  Superhenting  ht/  the  tteam  jacket,  which  takes  place  when  the 

jacket  cummuiiicuti.'s  more  heat  to  the  expanding  uteam  in 

cylinder  than  is  necessary  merely  to  prevent  any  of  it  from 

ideusing.      It  dovs  not  appear  that  this  kind  of  Mii>erheating 

Inoes  an  effect  that  can  be  made  the  subject  of  a  definite  calou- 

ion.     Its  «ji:tent  is  Uinitecl,  Ha  in  Method  I.,  by  the  temperature 

boiler. 

lU.  Superheating  in  the  steam  chegt,  or  upper  part  of  the  boiler, 

means  of  floes  traTening  or  Kurrounding  it,     Br  this  method, 

steam  may  be  raised  to  a  temi«ratupe  sonicwbut,  but  not  very 

loh  exceeding  the  Irailiug  [loint  corrosjiondiug  to  the  preitsure  in 

boiler.     Thiii  i.<<  practi.sed  in  many  murine  engines,  aud  in  Bome 

with   the   effect  of  preventing  conil^nsation  in  unjacketed 

indent 

V.  Superheating  in  ttibet  or  jxumget  which  tlie  steam  travenei 
its  way  from  the  boiler  to  the  cylinder.     By  this  method  almost 
required  tompcraiure  can  be  given  to  Bt«im  of  any  preasure. 
ia  diliicnit,  if  not  impofwible,  to  specily  any  one  as  the  first 
rontor  of  this  proccs:)^     Iflr.  Froet  was  at  all  events  one  of  the 
.  to  recommend  it  and  cause  it  to  be  put  in  practice.     It  wai 
many  years  ago  in  the  engines  of  tlie  American  mail  steamM 
ctic"  with  good  effect,  and   lias  since  been  used   by  uianj 
tent  in  many  engines,  chiefly  marine,  with  a  great  variety  o. 
funus  of  apparatus,  aoaie  of  which  will  be  described  in  Chap.  lY. 


■ 


tkaC   iteuD    mUmim  a  i^ 

hat  iai  work   wliich 
rraoflovs  for 
the  fnd&aal  ulxvitagtl 

^  it  m  embie  /aei,  %  $i 

cr  +  tSIMFdnnlKiK 
m  0««o  bj  tbe  figOovtw  ftnwh : — 

r  « 1=  13140    -  a  43140  --^^^  =65-44  *>.^; 

■■1  dte  mnlte  et  tliKt  famnk,  fir  eraty  et^toeoth  d«mt 
lUmBhcif*  acftfe,  from  T:s33*  to  7  =  973°*  are  given  in  * 
oahnu  beftdcd  pv'm  TaUe  IX«  at  the  end  of  this  aection. 
A<UniduD,  page  44^) 

In  t^  odhmn  cf  the  same  Table  beaded  H  are  given  the  Tmlnci 
for  tlte  mme  waixm  of  tempetatoree,  of  the  lotal  Aeof  ofgaa^UaAn 
in  foot^unds  required  to  raise  one  pound  of  water  from  the  liqiut 
itat«  at  ZT,  to  the  state  of  perfect  cu  at  a  given  tompetmUut, 
onder  uij  constant  pranue  CDinpatibTc  with  the  perfeoUy  geacou 
ftete  at  the  Utter  tempenture.  It  is  AMnimeci  that  aatuimtcd 
^MOk  at  3:;-^  itt  perfectly  gaseonif  w  that  thn  total  heat  of  g&sefiia-  . 
lioo  for  tliat  tunperaturo,  Hg,  ia  simply  the  latent  heat  of  evapot*  1 


Hg  =  842872  foQt^pounda; 


J 
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then,  acoonling  to  the  principles  explained  iu  Article  S58,  we 
re  for  the  toUd  hcut  of  gase6cation  of  one  pound  of  steam-gaB  at 
other  teDn»cnitQre  in  foot-poundB — 

H  r=  Ho  +  K,(T -32*)  =  842872  +  371  (T  -  32*)....(2.) 

iblloviDg  are  some  equivalent  uxprossions  for  the  same 
ity:— 

H  =  669895  + 371  T  =  €598y5  +  4J/>(fnoftrly....(3  A.) 

I^Die  column  A  pvee  the  qti&ntity  of  heat  in  foot-poonds  required 
[  nuse  one  pound  of  liquici  water  ii-oro  32°  to  a  givon  tempeniture ; 
mcreaae  of  the  specific  heat  of  liquid  water  with  temj«raUirf 
taken  into  account  j  but  in  most  practical  cwteii  it  i«  tniffi- 
Ij  accurate  to  use  the  formula 

A=7T2(T-32'') (3.) 

S97.    KMcteacr  af  MffaM-nBa  Bx^MBdlas  wUImmI  Gala  cr  t.*M  af 
In  tig.  11-1,  let  A  B  represent  v^,  the  volume  occupied  bj 
pound  of  Bteam-gas  whon 
admitted  into  the  cyluidcr 
an   engine  at   the   preesure 
!=  O  A.     Let  6  C,  being  an 
'ic"  curve  for  steam  gas, 
it  bj  its  coordinate!  the 
of  preaiuro  and  iucreSBe  of  ^ 
Tolnme  of  that  fluid  as  it  ex- 
pBDlhj;       Ltt    5~C  ^  ttj  ^  r  t?i 
rppr»*ent  the  volume,  and   O  D 
^  p^  the  pressure,  at  the  end  of  ITg,  n«. 

the  expansion,  whkh  in  assumed 

not  to  be  carried  so  far  as  to  cnuae  any  appreciable  tiquefoction 
the  steam. 

Let  O  F  =  ^3  represent  the  mean  back  presBure.  The  probable] 
value  of  this  in  a  proposed  superheated  steam  eugine  may 
estlniatod  aa  follows: — Let  the  ordimuy  back  preaaure  in  a  diy 
latuisted  steam  ennne  working  at  the  same  speed  with  tlie  sun* 
ratio  <^  expauaion  be  deuoted  by 

p'  being  the  juvnure  of  condensation,  and  p"  the  additional 
sure.     Let  r^  be  the  absolute  boilmg  point  comspoodiog  to 
initial  pressure  p^,  and  r',  the  actual  abmlute  tempeimtura  dt 
Bleam  admitted.     Then  the  Bteam>gas  employed  ix  lesa  den 
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P  ^=  4i  r-*-  3J  r-"i (5  a.) 

in  which  Table  intermediate  vii1ti«  of  any  ratio  can  be  int(<rpolat«fl 
9M  m  Td.o)e«  VIT.  and  VHI.,  abtady  ejtplaiucd  The  following, 
then,  is  the  set  of  formulffl  to  be  etnpioyed  in  computing  approxi- 
mately the  probable  power  aod  efficieucy  of  8u|H:rlieatod  ateam 
Migines,  according  to  the  ppoviaional  theory  hero  adupt«d : — 

L  Data. 

r     Ifulial  prmaure^  p^. 

Initial  ab*UtUe  temperaturey  t*|  ss  T*!  +  4C1*'2  FahronheiL 
Ruiio  o/cjpafuian,  r. 

Mfnn  back   prtsfurt,   p^   known    directly  by   experiment,   or 
estimated  by  tlie  formula  1  A ;  the  absolute  boiling  point,  T]^  being 
found  by  known  foi-mulio  or  tables. 
^  AhaoluUttempfraiuTtoffeeduxUer^  r^sT^+iSF'S. 
B  Ttnifmrnlttre  q/ condermition,  T^, 
H  Temperature  of  atmo»pher«f  T^p 

H  PRSTTLTB. 

^■0|  V.  fbnnd  from  T^,  by  equation  T  of  Article  20(i,  or  by  Talile 
^K. ;  being  the  gro»t  enei'gy  exerted  by  the  steam  on  the  piston 
^bring  its  Admission. 
H  Iniiiai  and  final  xc^uimi  ofcme  povnd  of  ateam — 

^k  ^i^Px^x-^Px',  V8  =  ''»'i (6.) 

B^^,  and  — ,  foimd  by  the  equations  5,  fl  a,  or  by  Tablo  X. 

"  Siieiy»f  extrrted  per  pound  qftteam;  found  by  equation  4,  or  by 
,the  fontiulu — 

I  Vsi^p.v.—rp^Vii (T.) 

r  Pi 

,     Jimn  effeetiva  prwsMir*'- 

Ik  ^       Pm  /a\ 

m         p.^p.-p,=  —^^-pi-Pi <a) 

H  ITeai  emperuiUd  per  pound  of  steam,  in  footrpound»— 

P  5  =  842872+371   (T,  — 32°)— 773  (T^— 33°),.. .(9.) 

or  fl  =  H,  -^A^; (9  $u\ 

H]  and  J^^  helog  found  by  mttintt  of  Table  IX.  ^1 

2f  ■ 


iU 
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J*ret$urt  tqukaUnt  to  lieat  expended — 


^*  =  ?^- 


g._y.— Pa^  5 

p»  ft  tl 

SMfuiieaterper  cubie  foot  ncqtt  through  bjf  pvtortr-' 

ru, 

Meat  tvjecUd  par  pound  of»team~ 

*-XT 

Baal  r^ectedper  evhie  fool  noept  tJtrough  bypiatou — 

i=^; 

rv, 

J^et  etmdeMeUioniaU^ — 

_  hentr^Kled  _,. 

-772(T,  — T«) ^*  ■' 

Availaiie  hatt  es^nd^per  indicated  horae^werper  how — 

1980000  i (It) 

Tn  the  following  <>Tnmple  (which  is  ideal),  the  enginra  amnp- 
posL'd  to  bti  thu  ttamu  wiUi  those  already  enipluytMl  un  Ex&mpla  L 
in  Article  28^  a  ;  and  the  piiuoipal  ijuei&tioa  to  ba  aolveU  by  llw 
calculation  is,  vliat  woul<l  b«  the  probable  iuoreoae  of  efficdeocjaikd 


.(la) 

.(13.) 

OS.) 
,.(it) 


saving  of  fuel  if  the  steam,  being  admitted  at  the  eame 
preasure  of  34  Iba.  od  the  square  inch,  and  cut  off  at  Uw  wme  nuu 
effective  Jractiou  of  its  final  volume,  0*2,  were  saperheatod  ao  lata 
be  admitted  at  the  teDipemtiire  Ti  =  428°,  intttcud  of  its  pranU 
mean  temi>ersture  of  admisidon,  which  is  about  257^'*. 


Data. 

p,  =  34X141  =  4896; 

r',  =  428  +  461-2=S89-2. 


BDFEBOXXTED   STKAM   ESQDnS, 

r=5. 

719 
p^m  lU  +  433  -  ~  =  493  IbB.  OD  the  iqiura  foot, 

(or  3*43  lbs.  on  the  BquAiB  inch). 

Re8ULT& 

Pi^bhj  Tttble  IX.,  75976  foot-poundi 
75976 
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Vtm 


=  IS-52  cubic  feet 


Table  X.- 


4896 
v^=irvi  =  5x  15-52  =  77-6  cubiofe^ 

Pi  Pi 


I  per  powid  of  steam — 

U  =  2-28  X  75976  -  493  x  77'« 
» 173225  -  38257  =  131968  foot.pomida. 
fmn  elective  pmaun — 
Pm-P»=  "^SG  X  4896  -493=  1740  lbs.  on  the  square  foot, 

=  12'OS  lbs.  on  the  sqimre  inch, 
TaU  avoided  per  pound  of  eteavt — 

^  =  989788  -  55612  =  934176. 
eguivnlent  to  heoA  expended — 


934176 
^*  ^  "77^ 


12038  lbs.  on  the  square  foot 

=  83-6  lb&  on  the  square  inch. 
tifeleam — 

1349G8   1740   12-03 


934176   12038  ~  836 


=  0143; 


being  Bapenor  to  the  efficiency  with  diy  saturate*!  steam,  as  • 
'  in  Ariicle  289^  Kxatnple  I.,  in  the  ratio 

•145 


•138 


=  1-18  :L 


STEAH  AKD  OTHra  SEAT  VSOVTVB. 
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^16  BTEiUhle  heat  expended  per  intUcftted  honfr-povcr  per  hm 
would  be 


1980000 
0145 


=  13655000  foot-poirndB; 


and  supposiog,  as  ia  some  prenous  examples,  Uic  available  heat  of 
oombiution  of  one  pound  of  the  oool  employed  to  be 

/!400000  foot-pounds, 

Uie  oonsamptiun  of  ooal  jwr  imliuaWd  lionHv|iower  per  hottr  wonld 
be 

136^5000     0  60  1U. 

which,  being  subtracted  from  the  actual  ooDffnmpfcioii,  3*97,  alMM» 
a  saving  of  0-44  )b..  or  ubout  15  per  cent 

This  is  loss  than  the  saving  which  has  nsoAlIy  beein  found  hf 
experiment  to  result  from  superheating ;  the  reason  proliably  bring, 
tliat  in  the  preceding  calculiition  no  acoount  is  takeu  of  the  lo- 
oTBBBBd  efficiency  qfthtfwmace,  owing  to  the  superiiaatiiiff  apparatn 
taking  up  heat  which  would  otherwise  have  been  vaatea 

To  estimate  the  probable  effect  of  this  cause  in  giving  incrauHl 
economy,  let  us  make  the  supposition  (which  appciun  to  have  ben 
nearly  realized  in  some  cases),  that  the  \c}uil«  of  the  stip<ThcACiog  ii 
effvctod  by  beat  which  would  otlierwiao  have  been  wa^^d. 

Then  the  heat  required  to  pro<luee  1  IK  of  saturated 
steam  at  34  Iba.  on  the  aqtiare  inch,  from  water  at 
104°  being, 840,000 

and  the  heat  required  to  produce  1  IK  of  superheated 
steam  at  42^  Fahrenheit,  from  watar  at  lOi'' 
being,  as  computed  before, ...^ 934<i7^ 

tbe  (Mffepence, 94*17^ 

is  to  be  considered,  according  to  the  supposition  made,  as  hni 
saved  by  the  sujierhenting  apparatus;  so  that  the  efflcicncj  of  the 
fnmace  la  increased  in  the  ratio 


934176 

840000 


ssl'll  nearly; 


and  the  availafale  beat  of  combtution  of  the  coaL   inrtm^  d 
4400,0i)0,  becomes, 


nrpKROBATED  VTEAM  nraiNBa 
6,400,000  X  111  =  6,000,000  foot-lba. 
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tiie  prolnble  oocsampfcton  of  ooal  p«r  indicated  hatae- 
konr, 

13635000 

being  subtracted  fi-om 2-97 


attvingof. 0-69  lb. 

>ot  23  per  cent.     This  mgraes  vciy  nearly  witli  the  general 
Its  of  iiractice. 

-If  the  tcmiwnituro  of  stoam-gaa  bo  maintained  constant 
its  expftnaiou,  by  means  of  a  flue  round  the  cylinder,  or 
rise,  its  action  is  represented  approximntely  by  m  airing  tbe 
B  C,  tig.  1 1 4,  a  common  h^'perbola,  so  that 

I 

pK-, 

^       V 

this  case,  the  principal  formiJiB  aro  the  following:— 
'  exerUd  by  I  lb.  o/ steam 

sarca  ABGEFA 

U  =  (p, -ft)  ritj  =|»i »,  (1 +liyp  logr) -p,  r  ri...(l.) 

t^^l  +  hyplogr; (2.) 

Pi 


p^_l  -fhyplogr 
Pi  »• 


(2  a.) 


iei  of  Talues  of  tbeee  mtioe,  and  of  their  reciprocals,  is  given 

ble  XI.  at  the  end  of  this  section. 

e  htat  erpendtd  ptr  pound  o/xteam  conaista  of  the  to(al  fieat  qf 

'ion,Jrom  Tp  the  t4:niptratiiro  of  the  fc-ed  water,  to  T,,  U* 

temperature  of  the  Eteam-gas,  aa  aJrcftdy  computed  in  Articles  2t 
and  237,  and  givi-u  by  the  aid  of  Tublu  IX.,  and  of  the  talent  he 
of  eT}>annion  which  the  fltfam  receives  to  maintain  it«  tcmn"*^* 
ooontuut  iu  the  cylltidcr,  and  whose  value  is 


UhV 


hyp  log  r=  85 '44  t\  byplogrsspje^-  ( -^  —  ^ 

^  Pi 
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I     faenoe^  denoting  tho  whole  expenditure  of  heat  per  Ik  of  itnn) 

^^^1         sz  842873  +  37  l(Ti- 33°) -773(7^-3?) 
^^H  -f  8544  hjrp  log  r  (T,  +  46r-3} 

^^^      =G6»895  +  ftr,  (3S  +  !^-)-773  (T.-3r)...4i)j 

'^         To  illnrtTat«  this  nrnde  of  emplnpng  stetun-giis,  let  Ut» 
taken  be  the  same  m  in  tho  example  of  Artiole  3§7 ;  that  ii,  li 


43»»  +  4Bl-3; 


p.  =34x144  =  4896; 
/,  =  889-3 
r  =  5; 
«.  =  493; 
T^  =  104% 

Results 

/»jr|=:  75976;  v,  =  13-d2;  rtrir3  77*6;  as  befara. 

kble  XL.        '■^"  =  2-61  i  ^  =  -533. 
'         Pi  Pi 

Energy  pm  ft.  qftlaam — 

r  =  2  61  K  75976  -  493  x  77-S 
- 198397-38357  ==  1C0040  fooMb& 
ftonrfficHm 

/Ui  -  f,  =  -JS3x  4^96- 493  =:S0631b&  on  the  aqnu« 
^  14*^  Ihik  on  the  aqoAre  inch. 

(«  989788  -  05613  +  75976  k  1-61 
m  954)78  +  133331  =  10:i6497  fooUba. 

'^VM***  •NMMlNtf  to  eUl 

13615  lh&.  on  the  sqajtre 
H'd  Ui&  ott  i2m  aqQArQ  indL 


8OTEBH£ATED  STTAH  FKOIXEa, 


o/eteam— 
_1G0040_ 
1056497 


2063       U-33 


=  0152, 


13615  ~  9-1 -5 
snpcrior  to  the  efficiency  vith  diy  saturstcd  steam  in  tlie 

^1=1-236:1  nearly. 

available  beat  expended,  per  indicated  hone-power  per 
"  be  in  thiaoaae 


1980000 
0-152 


=  13,000,000  fooUU. 


If  the  efficiency  of  the  furnace,  as  in  the  second  mode  of  treatLn, 
example  in  Article  3^7,  he  supposed  to  be  such  that  the  a' 
heat  of  combustion  of  I  lb.  of  cool  is 


6,000,000  foot-lbs.. 


itmfl 


lie  probable  conFumption  of  coal  in  the  engine  now  under  con- 
Idention,  per  indicated  honte-ponrer  per  hour,  is  found  to  be 


13QQ0QQ0 
6000000 


=  2-17  lbs. 


rhich  bc-ing  subtmctcd  from  the  ] 
actual   coiwtmipUon  with  dry  ;-  2*97 
ittimtod  dUiaui, j 


3wa  a  saving  of. 0-80  lb. 

27  per  cent. 

299.    KMettmrj  «r  llll«MM>Can*  wttk  R«cca«*miMr — SlM>eMa*a  Knclvh 

-The  "rt-Hvufnitive  steum  enj^iuo"  of  Mr.  C.  W.  Siemens,  is  one 
rhich  no  far  agrt'ca  with  the  duMription  in  the  last  Article,  that 
sperheateil  steam  works  expiuHiwIy  in  it  at  a  temperature  main- 
uned  nearly  constant  by  placing  the  cylinder  over  a  furnace;  btit 
lie  steam  on  its  way  to  and  from  the  sjxacti  below  the  jiluuf^er 
ht  cylinder,  laravei-ses  a  "rrgenprator"  nearly  n-'«pmbling  th- 
jf's  air  engine  (see  Article  275),  the  effect  of  which  is, 
wlwle,  or  nearly  the  whole,  of  the  heat  employed  to  ra"' 
ipemtnre  of  the  steam  above  the  boiling  point  cor 
presBore,  is  obtained  at  each  stroke  from  the  T 
which  that  heat  has  prerioualy  been  stored  by  stea 
'lot  cud  of  the  cyliiidei; 


I 


I 

I 


BTRAM  AW  OTinca  HEAT  B»OQn& 

Tlie  whole  of  the  formols  of  the  Article  298  are  made  applicallr 
to  thin  case,  by  simply  taking  for  the  value  of  U.|,  Uie  total  heat  s^ 
evaporation  qf  1  lb.  n/nvim.  at  the  boiUng  point  r,,  corresponding  b 
ita  pressure,  u  given  by  Table  VI  at  the  end  of  tlie  vQlum*. 
instead  of  the  tot&I  heat  uf  gaaetioation  at  the  working  temponion 
r'j.  Suppose,  for  example,  that  the  data,  are  the  aune  aa  in  Ua 
laift  Article.  Then  the  total  heat  of  evn^toratioa  of  steam  at  34 
Ibfl.  on  the  square  inch,  the  feed  wat^r  beinj;  at  104',  as  ootuputMl 

from  Table  VL,  is H,  —  A,  =  840000  foot-Iba., 

the  latent  heat  of  exi»n- )  /*"P-       ,\       i.^^o^, 

aion,  as  in  Article  288^  /  P-  "'  ("^  "  ^J  =  ^"^'^ 

and  the  beat  expended  per  lU  of  st«am  f| ^  963331  foot-lba. 

Also,  the  ouergy  exerted  by  I  lU  of  steam,  being,  as  in  Artidu 
298, 

XT  =  IGOOIO  foot-lba., 

the  e£iciencj/  ofUie  tttam  u 

conaequeutly,  the  available  heat  expended  per  indicated  h>ne- 
[lower  per  hour  is 


1980000 
01 S6 


=  11,930,000  foot-  Iba  neaiiy. 


Taking  the  same  estinuite  of  the  available  heat  of  oombostimi  nf  I 
lb.  of  coal,  as  in  ArtiL-Ie  298,  this  would  give  for  Uie  conauniptwn 
of  coal  pec  iudicutcd  horse-power  per  hour 


11,930,000 
6,000,000 


=  1-99  lb. 


The  efBcienry  of  tliia  engine  is  capnble  of  being  greatly  inenmri 
by  wcu-king  at  a  high  temperature;  for  while  the  euei^  cauriii 
by  the  steam  increases  nearly  as  the  absolute  temperature,  it  \i 
ouly  the  latent  heat  uf  expiinsioa  wliich  increttses  in  the  same  )««■ 
{ortion :  the  total  heat  of  evaj>oration  remaining  constant  if  Uh 
pressure  is  constant.  Mr.  Siemuus  sUite^  that  in  some  of  Itf 
oxi>eriraenta  with  thift  en^ne,  thu  oonsimiption  of  fuel  vma  osJ^ 
1  '5  lb.  per  intUcatwA  Vopsc-vw**!*  we  V«v:. 

Tl»o    hrafuig  o^ipaTttlxift    4«»ctw«A,  «>.  <^v,  «vA  "A  K^o^ai  i34» 
might  probaWy  be  »vv^^-^  ^  ^^  ^^^'^^^'^  -sS-Oo. viK«.^a^ 


OP  Elaotioitt  atd  Total  Hjiat  op  One  Fousd  or 
Snuii-OAs. 


849550 
836228 
862906 
869584 


441 


o 

13896 
27792 
41703 
5561a 


876263  6953a 

883940  83459 
889618  974ti 
896296  11 1363 
903974  125357 
na 575*0 909652  i393<^3 

59058       916330 

60596       923008 

63134       929686 

63672       93(^3^4 

65210 943042 

66748       949720 

68286       956398 

69834       963076 

7136a       969754 

72900 976432 

74438  983110 
75976  989788 
775M  996466 
79053  1003144 
la 80590 1009822 


I 


500  83128 
518  83666 
536  85304 
S54  8674a 
573  88280 


1016500 
1023178 
1029856 

> 036? 3 4 
10433:2 


EXPLAKATIOM. 


_.  tcmperatnro  on  Fahrenheit's  sc&le. 

P  V,  product  or  tlie  prenore  in  pounds  on  the  square  root,  nn'l  vol 
t  cubic  feet,  of  one  poand  of  tteam  in  tbo  peri^Uy  gueoiu  couJiUot 

lt«UD-gas." 

H,  total  heat,  id  foot-poands  of  energy,  raqulred  to  on 
r  water  at  32°  into  atCAin-sas  at  T^,  uneler  any  cooaUnt 

i,  heat,  10  foot<ponnda  of  eaewt  required  to  nise  Um 
De  pound  of  wster  ftvm  92*  to  T^. 
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•913 
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1-34 

747 

1-07 

•93J 

^H  I* 
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I  38 

784 

1-04 

•951 

^H  <^ 
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1*33 

•839 

1^ 
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1-015 

•985 
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EXFLASATIOM. 

^^^K  r,  xaUo  of  expaiuion. 

i 

■ 

^^H  r,  real  cuL-ofll 

1 

■ 

^^^^1  JSi  ftlwolute  pmsnre  nf  admiaaioD. 

1 

■ 

^^^H  fi^  mean  absolute  pressura 

1 

■ 

ratio  of  whole 

gross  work  of  steun 

on  piston  to  gross  ^H 

idiiUBsioii. 

J 

^H 

■    ^&. 

xtSiQotp 

--^ 

•"-k  during  adjnisaiou  to  wliole  gross  woit 

^ 


fl 


JBLE    OF    APPROITXATE    RaTI06    FOB    PEaFBCT    GASES   WOHKINO 
EXPASSIVKLY  AT  COKSTAST   TCUPERATDKE :    AX80   FOB  NKABLT- 

DBY  Steam. 


OASES   WOBKINO    KXPAXSIVELT. 


XL 


90 

lo 
8 

5 

4 

3( 

H 

H 

n 

3 
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I* 


•05 
•075 
•I 
•123 

•>s 

•a 

•as 

•3 

■3« 

'4 

■45 

•5 

•55 

•6 

•^s 
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•75 

■8 

•8S 
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2? 

/>! 
400 

359 

3-30 

3'o8 

a '90 

3-6  [ 

a-39 

3'ao 

a  03 

1-91 

I '80 

1-69 

I -60 

»'5i 

1-43 

I  •3*' 

1*29 

i-3a 

116 

III 


■aso 
•279 

•3«3 
■325 
•345 
■383 
'419 

■454 
•488 

•523 
•556 
•59  < 
-636 
■663 

•<»99 
■737 
•777 
•818 
•860 

■90s 


ExPLASATKUr. 


r,  ratio  of  exitansion. 
-,  real  cut-oflC 


Pi 

5-00 

37" 
3-03 
a '60 
3-30 
1*93 
1-68 
I  5  J 
I  39 
1-31 

134 

118 
114 

I'lO 

107 

1-05 
J  04 

i-oa 

i-oi 

I'Ol 


Pi 
•300 
•269 

•330 
•385 

■435 

•59fi 
•661 
■717 

7«S 

•809 
■S46 
■878 
'906 
.929 
•950 

■978 

■989 

•995 


lll^i,  absolute  pressure  of  admlssioD. 
mean  aUwluto  pressure. 

',  ratio  of  whole  grow  work  of  gas  on  piston  to  fpvH" 

]g  admuminn. 

•£^,  niio  otgroaa  work  during  admisaiou  to  «\io\e  , 


STKAU    JLXD   OTHEB   HEAT   EKGIXXS. 

BecTiOX  7. — 0/ Binary  Vapour  Bngbiea. 

300.   OcmomI    DcMcHpUaa   vf  lh«    RIkwt  TvpAsr    KmcIbc— Tht* 

engine,  tlie  iiivention  of  M.  Pro«p^re-Vinct-nt  du  TrembUj,  u 
drivea  by  the  combined  action  of  two  difierent  fluids,  a  less  utdt 
moru  volatili*,  in  two  sciwrale  cyliudcn.  Tbe  leas  volatile  fluid  » 
evuporated  iu  a  bailor,  and  drives  Uie  ptston  of  ita  ey\\nd<er,  io  t)i* 
usuhI  way.  Oa  being  diBcharxt-d,  it  is  pawed  vcrticaillj-  dowD- 
wards  tlirvMigh  a  set  of  xraall  tiiboA,  contained  vitbin  a  cytiudnal 
vwwpI  :  tlir  K-sh  voUtilt;  fluid,  iiassing  tlowiiwanls  through  the  tnlws 
ia  liquefied,  aud  givea  out  ita  li«it  to  tbe  more  volatile  fluid,  vhich 
ascenils  in  the  flpnce  nnrroanding  tlie  tubes,  and  reaches  tho  top  of 
the  vessel  in  the  state  of  vapour.  Tliia  va[>our  drives  the  pi^tob 
of  ft  wcond  cylinder,  during  tbe  return  stroke  of  which  it  (» 
expelled  into  a  second  surface  ooudenser,  consisting  also  cf  a 
number  of  small  vertical  tubes;  tho  vajiour  |)asaoQ  dowuwftrfi 
through  these  tabes,  which  are  surrounded  by  a  copiouft  stream  of 
cold  water;  this  aUitractM  heat  from  tliu  va|M>ur,  and  cauan  it  \» 
be  condensed*  and  the  liquid  thuA  prodnced  is  pumped  bade  into 
the  evaporating  vessel  to  perform  its  work  over  agaiu. 

The  lesn  volatile  6nid  is  always  water;  for  the  more  rolatibt 
aiilior  is  usually  employed. 

Pull  details  of  the  construction  and  mode  of  working  of  tbe» 
engines  are  given  in  M.  du  Tremblcy's  work,  entitled,  Jiattudii 
Conduoteur  Um  Machi>u»  k  Vafmirs  conAinee*  on  ilfujtina  Binaitm 
(Lyons,  18J0-A1);  and  accounts  uf  their  performance  are  oontata«iJ 
in  a  report  hy  Mr.  OtHirgo  Roniiio,  published  iu  1852;  in  a  litho- 
graphed rejtort  by  M.  E.  Gonin,  on  the  expc^rinienta.1  trip  of  Uu 
ship  "  Brtisil,"  iulJ?55;  and  iu  u  |mi>erby  Mr.  Jauies  W.  Janiicam, 
read  to  tin*  Institution  (if  Civt]  Ktigiiieers  in  February,  I&59. 

301.  TbeotT  vf  the  8i«aH-«od-iEilMr  Eailae. — Iu  flg.  1 1^  M 
A  B  O  E  F  A  re])re«ent  the  diagmni  of  tho  4team  cj'Uwder,  ui 
K  L  M  P  Q  K.  that  of  the  uithtr  cyliudcr. 


Fi«.  116. 


Letpi  =  O  A\>el^\vlibl»\'a^fi■^e»^i!»«A^^iftl*Ja,"En.  at  ita 
siod; 


Snjkil-AXTf-XTKen  ESonrE. 


4AS 


L'  = 


«  A  B,  the  volamo  of  one  Tb.  of  it  wben  admitted; 

=  D  C,  the  volume  to  whi^ih  it  expands; 

IT,  denote  the  nvailahle  heat  expLiadcd,  in  foot-lbs.  per  lb.  of 
;  U  =  area  A  B  C  E  F  A,  the  energy  exerted  on  the  piston 

lb.  of  9t«am.     Then  the  fieal  rejected  by  i>ach  Jb.  of  Bteam, 

Siven  out  throngh  tlio  tubes  to  the  aether,  is  given  by  the 
on 

H,  =  IJ, -XJ; (I.) 

[•eraml  exnmplw  of  the  mode  of  computing  this  qimiitity  of 
ihsixe  been  given  in  the  preceding  sections. 
find  what  v<J.ume  will  bo  filled  with  Kther  vapour  by  meaiu 

bent,  in  the  first  nloco  muat  be  computed  the  expenditure  of 
i  JMT  cubic  foot  o/ other  vapour,  ]>roduced  at  the  pressure  under 

the  Kther  bt  eva)><^imt4.'i1,  which  is  Bup(M>sed  to  be  given  and 

ited  by  p'j  =  <)  K,  and  in  neceflsnrily  a  premnre  oorre^mnd- 
to  a  Kuling  |)oint  lower  than  the  temperature  at  which  the 

ie  condensed.     Tliat  expenditure  of  heat  is 

L'  +  J</D'(r  -  T"), (3.) 

r  ~j^\b  the  latent  heat  of  evaporation  of  one  cubic 

of  »ther  vajjoor  under  the  given  prewnre,  ralculated  by  a 
ittla  of  the  kitid  given  iu  Article  255,  or  by  the  aid  of  Table  V.; 

=  399-1  foot-lbs.  per  degree  of  Fahrenheit,  is  the  specific  heat 

]iiid  Ktber;  D'  is  the  weight  of  one  cubic  foot  of  trtlier  vapour, 
id  by  the  formulw  of  Article  236,  or  by  the  aid  of  Tuhle  V. ;  T" 
~ie  temitcrature  at  which  the  ttther  is  evaporated,  and  T"'  that 

lich  it  is  condensed,  and  returned  to  the  evapoi-nting  apparfltua. 

len  the  iuitial  volume,  represented  by  K  L  in  the  figure,  of  the 
evajtorated  pL-r  lb.  of  Nti-um  condeusvd,  ia  found  by  means  of 
^equation 

"■  =  ^^  =  L- w  o-"V  -  T-y *'■> 

BtfT  =  0  N  denote  the  intended  final  pressure  of  the  aether 
ir,  at  the  end  of  its  expansion,  and  p"  its  mean  back  preRsan, 
'irfiich  appears  to  be  about  5  lis.  on  the  square  inch.  Th(!n  from 
'  the  data,  ;y,  p',  p",  T",  by  raeans  of  the  fonnulse  of  Articles  281 
end  284,  suiwUtuting  only  the  constants  which  apply  to  ather  for 
thoM  which  apply  to  steam,  and  using  Table  V.  instead  of  Table 
TV.,  may  be  computed — 

The  ratio  of  expansion  r,  and  thence  the  final  volume  M  N  ■  r*  f 
of  the  tether  evupomted  per  lb.  of  steam; 


REJLM  AXD  OIKBa  DXAT  XSOOTM. 

TIm  esentr  «xcat«d  by  thai  stiierr  i'«|ii«eoteJ  'bj  ib 

Tbeimtio 

UN->-DO«t'M'-rri>, 

£;{■  UiMt  of  the  Tolome  of  the  ether  cyliDtScr  io  the  «<diuui 
*0lmm  cjlioder.  In  pnctiM,  tboar  cjlinden  aiv  dtfaariCj 
'  tfas,  or  Uiti  Bthcr  oylixider  is  somewfaat  tint  'iMTger. 

The  best  per  lU  of  stoun  to  be  Abetncted  bj  tba  coU^ 
vhich  circulatet  in  the  sther  condenaer  i»  gireo  hf  dte  i 

H,-T7-tT 

The  Biiui  effective  pressiiree  in  the  steftm  cylinder  uii 
cylinder  reipeotivtly.  ure 

U  +  r  •,  and  TT'  +  f  tt*. 

The  mmo  amoant  of  addittoDkl  energy,  which  is  ohteiuni  Ef  i 
■ddition  of  the  ether  eogin«  to  the  t^team  engioe,  nugbt^Ml 
~  by  contiuiiiug  the  expaoaiun  uf  the  iteiun  suffiou 
HiU>iJ  hy  the  line  C  11  O,  provided  a  snfGcieotly ' 
iflookl  he  iunued;  but  this  might  require  in  mxMi 
M  Inige  u  to  be  more  costly  thoii  the  binary  ei 

•t  KmmIi*  «r  KxprrtMvMk. — The  fuUowit_ 
compute  from  a  long  Rerien  of  ezperimvatall 
.||^Ut  Ift  JA.  Govib'i  report,  already  mentioned,  on  the 

PsnnntM  ur  t-ai.  on  rua  i^OAas  ba 
Ir  boUw  or  Bmk  Haa 

vnqMnwr.         pnmtn.         <A«rif» 

JEkhMT. 31 -a  53  71 

thtaX  SMea  eflbedve  pie— m  redaoed  to  the  area 


vtmmfiatan^  the  aroas and  ftrokee  of  the  steam 
Mm!  auer  putous  baring  be«i  in  this  case  the 
*>me, 187 

It  thoB  anpean  that  the  proportions  of  the  indicated  pomr 
^Vkm  esigine  obtained  in  tht^  steam  and  ether  cylinders  respectivd 
*«»ftafQUow8:— Steam,  11-6  ^  ItJT  -62;  ether,  71  +  187 

Tho  gain  of  power,  however,  by  the  addition  of  the  ether  eogii 

i^  "°'  <l'"te  so  great  as  this  calouUtion  shows;  beoaii»e,  hadl 

■J*^"  cylinder  been  u«ed  alone,  the  back  pressure  wonld  have  b« 

^^*7l*J^'***biIity  about  3  Iha.  on  the  square  inch  less;  that 

******'  *l»  iiiat^aU  of  7G;  so  that  tho  mean  effective  pressure  io  * 


STEJUI-AVD-ATUEft    ENGINK- 
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ejlinder  wnuld  h&ve  been  14*6  inst«w]  of  n'6 ;  ftnd  thefHro- 
boriib  by  tbu  }H>wer  of  tlie  ttUiam  engine  alone  to  that  of 
engine  would  bave  been 

14-6  +  18-7  =  -77,  leaving  1-00  -  -77  =  -23 

kvbole  power  of  the  binaty  engine^  a&  the  real  gain  due  to  the 

inr  engine, 

The  coiitiumption  of  fuel,  according  to  M.  Oontn'a  report,  was 
pfter  2'8  or  '2-ii  lbs.  of  coal  pvr  indjcatcd  honic-power  per  hour, 
MQOxding  aa  certain  exprrimoutH  made  under  pecoliArly  adverse 
jtanunstADces  were  included  or  excluded. 

I*  The  binary  engine  ia  not  more  economical  than  steam  engines 
Mgned  with  due  regard  to  economy  of  fuel ;  hot  by  the  addition 
<  an  Kther  engine,  a  wasteful  Bteam  engine  may  be  converted  into 

^u^^ 

^B  Addbnduh. 

^^2  A.  BxpioNiT*  Cia«-En«ia«. — In  Lenoii'a  gas^ngine,  air  and 
tel-gas  iu  pr<>]»er  proportiuua  are  introduced  into  a  cylinder;  the 
Imi^^'-ion  m  cut  oft',  and  the  mixture  exploded  by  elfH:tnr.ity;  the 
Eplosiou  cauiK^K  a  sadden  iucreutte  of  pressure;  the  giuieouii  mix- 
m  expands,  driving  the  piston  befoi-e  it  till  the  ntroke  i»  oom- 
Hed,  and  is  expelled  duriug  the  return  stroke.  The  cylinder  is 
|VT«nted  from  overheating  by  water  circulating  in  a  ooiL  Best 
lopoi'tion  of  mixture,  eight  volumes  of  air  to  one  volume  of  coal- 
IBl  Absolute  pressure  iiomediiitelj  after  explosion,  p,  =  about  5 
UDOspbcree,  or  lO,dSO  Iba.  on  the  square  foot.  Let  the  atmots- 
leric  pressure  bo  denoted  by  pf^;  then  available  beat  of  exjilosion, 
r  cubic  foot  of  pxplftflive  mixture^  H.  =  2'5  (pj  —  f  o)  —  21,160 
ot-lba,  nearly.  (This  in  about  l/iree-eigfuhs  of  thu  total  heat  of  the 
mloeion.) 

'X<et  r  be  the  ratio  of  expansion,  p^  the  final  absolute  pnwBure; 
W  the  indicated  work  per  cubic  foot  of  exploeive  jooixturej  p,  (he 
|im  ufiective  pressure;  then 

H^  Pi^Pir  *  nearly; 

nV»  2-5  (|>,  -  p^  -  3-5  (r  -  I)  p,  +  (r  -  1)  (p,  -  p^; 

WBktD  of  expansion  for  greatest  efEcionoy^  r^  = 


then  v»  ^ 


Pi^Pai 


and 
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Tbe  preceding  fonmtlie  inolnde  no  deductions  for  loasea  throoi^ 
inoreoited  hack-presmre,  and  through  abiitraction  of  heat,  frora 
the  gu  which  is  in  the  act  of  ex]mudiiig,  by  Uie  cold-mtter  anL 
Tbeae  Iobbm,  chiefly  from  the  last-mentioiied  caiuei,  are  bo  grmC 
to  incteftM  the  exiwuditurc  of  ooftl-g&a  per  indicated  horse-pow 
per  hour  nearly  fonr-foU),  ite  actual  amount  being  about  140 
cubic  feet,  accurdiDg  to  uxperinienta  by  Tresca. 

In  Hngon'a  gas-engine  a  nmall  jet  of  water  in  the  state  of  iptif 
is  injected  into  the  cylinder  by  a  pump  during  each  return  rtraka 
This  at  once  diminishes  the  hAclc-pressnre,  and  leseeua  tbe  nq^ 
of  water  ri:t|uii'L><l  for  the  cold-water  ooiL  Tbe  oxpenditore  afoul- 
gas  per  Inaiaited  honte-powcr  ]>er  hour,  aocordii^  to  escperiflMM 
by  TrPBca,  is  about  85  cubic  feet,  or  about  3^  times  that  sinm  \f 
the  precefiing  formuhe.  The  explosive  niixtnre  i»  tired  By  faetof 
put  into  conitnuuicatiou  with  a  gus-flame. 

In  Otto  and  l-ang«D's  gus-e-ngine  there  is  a  very  tall  vertial. 
cylinder  containing  a  piston,  wbo^jc  rod  is  connected  with  tba 
ivheel  i^hafc  by  uiojins  of  ratchet-work,  which  aots  diiriof 
down-sti-oko  only.  The  cxplosis-e  mixture  is  admitted  belo' 
piMton,  ;uid  fin-d  by  boiii>;  put  in  commuulcation  with  a  gaa-l 
The  piKton,  being  free  fixtm  connection  with  the  fly-wheel 
8huot«  up  with  great  speed  until  it  is  brought  to  n^  by  giati^» 
and  by  the  atmospberio  pi-e.t5iire ;  the  bunit  gas  cools  so  t*f*Of 
by  the  expansion  as  to  give  out  very  little  heat  to  the  cyliuiir, 
and  it  rdls  at  the  end  of  the  expansion  to  a  pressare  tnitch  U4ov 
the  atmospheric  prosKnre.  A  water-jacket  round  th«  lower  end  d 
the  cylinder  only  is  found  sufficient  to  prevent  overheating.  TV 
domi-stroke  is  performed  by  means  of  the  atmospheric  prenm 
and  of  gravity,  opposed  by  the  back- pressure;  which  durii^  • 
great  part  of  the  stmke  is  alnrnt  \  atraosiihere,  and  towank  d* 
end  rises  to  1  atniotipluii-e  by  compretstinn ;  and  then  tbe  gas  is  «t 
pelJed.  The  expl<i«ive  mixture  consists  of  one  volume  of  coaly 
and  nine  volumes  of  airj  the  pressure  immediately  af^r  ex[ilaaB 
is  from  4  to  6  utmospheres ;  the  expenditui-e  'of  coal-gas  per  ^ 
cated  horse-power  per  hour  is  said  to  bo  alwut  3i>  cobic  (txi. 
Verhandiungen  des  Vcreiiu  fitr  Gtwerhflnas  in  Prensagit,  ]8ti6.) 


Addewdcm  to  Article  99G,  Paoe  430l 
Erafurical  formula  for  elasticity  of  steam-gas  at  the  tci., 
correaponding  to  the  pressure  jj'  and  volume  v  of  aaturati 
LetjOo=  1  atmosphere;  theu 
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CHAPTER  IV. 


or  rvtOfActs  ahv  booebb. 
Section  h^^/BoiUn  and  Fumacea  m  genend. 

Cmm— I  Artmmt^ewuvtm  mt  gwfc*  ■><  BvOvr. — The  tuiial 

amngenii'titH  or  pusitionH  of  ttiA  fiimiicH  and  boiler  of  a 
engiue  amy  be   dividtid  iutu   throe   priiici|MJ  oUwea ;   bs 

In  thf  BzMnui  Famace  BaiUv,  the  furnace  or  fii-e-chambor  u 

ly  oiit^iHt)  of,  :ind  partly  in  contact  witb,  the  water  vcseel  or 

so  ibat  Uiu  buUcr  forms  paH  of  the  boundary  of  the  fanmoe 

lly  the  top).      The  other  boun<Iaries  of  Utv  furuace  are 

ly  built  of  fiiij-brick,    As  to  the  thicknuaa  required  to  prei'ent 

by  nuliution,  see  Article  2:i^.     K\iimplee  of  tliiM  are — the  old 

IT-stack  boiler  and  wagoa  boiler,  the  ntAia  cylindricAl  boiler. 

It  iiitorual  flues,  aotl  some  boUere,  kuoIi  an  Quruey's,  Ferkiiut'g, 

Cnuldock'H,  in  whicli  the  water  and  steam  are  contained  in 

Btimiuuded  by  the  tliitiiu. 

In  the  laieTMa-FMnMce  Bailer,  the  Hre-chiiinijcr  IB  encloeed 

the  boiler.     Kxiuuple»  of  this  are — the  boilem  now  most 

aoD  in  land  engiupfl,  with  one  or  more  fniiuwes  contuiuwl  in 

itol  cylindrical  iuterual  Qnv*  ;  muat  marine  bailers ;  and  all 

lotiTe  boilers. 

The  DaUkcbMi  garaaea  or  Oren  in  a  finMjhamher  bnilt  of 
iu  which  the  cvimbuj^tion  is  completed  before  the  hot  gas 
in  contact  ^^ith  any  |iurt  of  the  boiler.      Tliifl  lias  bosn 
ly  referred  to  iu  Article  230,  page  283. 
304.   The  rriaclpal  Pan*  aad  Arpradaa**  afa  Fanmec  aro — 
I.    The  furmwe  pro/Mr,  or  Hre-h-xt,  beinj;  the  «fKi(«  where  the 
holid  contstitubut^  of  tla-  fut-l,  and  the  whole  or  port  of  its  gaaeoos 
DanstitnenU,  aro  bnmfd. 

I    II.  The  (fnUe,  bein;;  tliat  part  of  the  bottom  of  the  fumaoe 
proper  which  is  0'>iiiini»ed  of  alternate  bars  and  sjiaoai,  to  snpf 
Che  fuel  and  admit  air. 
I    HI.  The  fiearth  is  a  floor  of  fire-brick,  on  which,  iniiti>ad  of  or 
^kMio,  the  fuel  is  bomed  in  some  famaoes, 
^PT.  The  dead  ptate,  or  dwnb  fJatt,  being  that  part  of  tin 
Iff  the  fumaoe  proper  which  oonmata  of  an  iron  plat«,  wifli 
luid  ipaoea, 


V.  The  wmUh-piat,  beuc  tfao  pMp  tlif««|^ 
introduced,  and  motoetimm  un  nr.  The  hMooi  (tf  the  i 
pieoa  u  K  dead  plalu.  In  maoj  ftimitoeB  theie  ii  a  men  dm 
■ad  no  muutli-](iwe. 

YI.  The  /m-doort  whidi  doam  the  monUk-pieee  cr  4ai 
and  whk^  nwjr  or  nmy  not  li&ve  opona^  aad  -ralfo  k  h  li 
Air.  Somotiines  the  dntj  of  a  fin  door  ii  peilbaned  hf»\ 
droMclouDg  op  tfa«  moutli-pieoe. 

YTL  Tbo  /wma»/TmU,  abore  ud  on  eHber  Mde  tf  I 
door. 

Vm.  Tlte  ash'pUy  being  tb»  Bpu»  bdow  tfae  gnte  tatti 
the  uhea  fall,  aad  through  which,  in  moai  r»n»,  tba  gral 
of  Uk  npplj  of  ■ir  ■*  admitted. 

IX.  The  adhfit  door,  uam)  in  aome  fiimuiea  to  ngdi 
admianoQ  of  air  through  the  mh-fnt 

X.  The  brvigAy  bdng  a  loir  vertical  partitioa  at  ooe  eid 
furnace  (uBuallj  the  nick)  over  which  the  flame  jiiimrf  on 
to  the  flues  or  ohimnoy.  This  is  what  ]&  mcaDt  whe 
bridge  "  is  spok«D  of  without  qualifioatMn ;  bat  the  vord  I 
lUao  ufiplie<l  tu  any  low  partitioo  havjog  a  paswge  fur  flatm 
gas  abovit  it  BndffM  are  usuallj  built  of  fire-bnck ;  but  i 
also  eometimos  made  of  plato  iron,  aud  hollow,  so  as  to 
water  within,  and  form  part  of  the  water  space  oi  the  boUe 
are  then  collod  "  imfar  hndgu."  The  top  of  a  wat4?r  bhd;: 
to  8lo|ie  or  curve  upwardi  towardii  the  ends,  to  admit  of  tl 
wcape  of  tfau  bubbles  of  steam  which  form  on  its  internal 
Bomotimes  a  water  bridge  projects  downwards  from  a  pan 
boUor  above  the  furnace,  leaTing  a  paasage  bdow  for  flan 
then  called  a  "  hanging  bridge."  A  water  bridge  vith  pan 
flame,  butli  nUne  and  below,  is  called  a  "  mid-fvUker." 

XL  Thejtanu  rJtamber,  being  the  ^laoe  immodiatolj  bd 

bridge  in  which  the  combustion  of  the  inflammabfa  gaaes  tl 

^  over  the  bridge  i^>  or  ought  to  be  completed.     It  has  odftn 

^■«f  fire-brick,  called  the  Jtams  6«d;  and  is  BometiiDea  Itw 

^*  firebrick  to  prevt'nt  the  cooling  and  exductiun  of  the  flaj 

BometimeB,  for  tbo  samo  purpose,  filled  with  fire  clay  tilee,  i 

a  hone-shoe  form  in  section,  to  admit  of  the  circulation  of  tli 

yn.  A  ir  pasaaget,  of  vari<)u<t  onufitmctions  and  in  vanov 

»tioi)fl,  and  with  or  without  ralres,  to  admit  air  ffir  the  oom 
of  tbe  (nel,  wliether  forced  in  by  atmospheric  pTearan  < 
Ucnricg  mucliine. 
Xin.  /Vue#,  being  paanagcn  traveled  by  the  hot  gas  oo 
tton  tbr  fin'  to  the  dumnej.     These  are  sometinuB  aOerma 
nde  of  the  bo3er,  and  bounded  tati 
lea  inttmal,  being  contaioed 
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UDg  pnrt  of,  the  Iwiler.     Intemsl  6uee  oT  small  dJAOieter 
tub«s, 

Baffitm  or  diffitaen,  Iwing  partiUoDS  ao   plaoeil  as  to 

the  convection  of  heat,  by  promoUiig  the  completeuesB  of 

laliuu  uf  the  jjarUcIce  of  hot  gas  over  the  beating  surfuee 

boiler.     The  various  hridf^es  alrejuly  mentioned  f^l  under 

aoil  also  tlio  tfjiiral  bladc»  for  bolter   tubes  recently 

laoed  by  MesHrs.  Duncan  k  Gwynne. 

Thu  ckitimetf  (uoc  Artlclo  233),  at  the  foot  of  which  is 
les  a  chamber  called  the  smoke  box,  or  uptake,  in  which  tho 
tiuiM  terminate. 
Slovriny  appamtvg,  used  in  order  to  produce  a  draught, 
by  ficncing  air  into  the  friiTiace  by  nieAns  of  a  fan,  or 
_'  tiw  gaaes  out  of  the  chimney  by  means  of  a  blast  pipe. 
le  233. 

evil-  Z'«wi;«rs,  being  valves  placed  in  the  chimney,  flues,  tubea, 
iir  passages,  to  reflate  the  dmitght  and  rate  of  combustion. 
7u  one  furnace  posaexscs  ail  the  parts  and  apiwndagcii  above 
imenit*>d  ;  for  somu  uf  them  ai*  substitutes  for  othcre,  and  BomA] 
only  employed  in  funiacea  of  particular  kinds  (ace  pago  477). 

105.    The  PrtecliNU  V»nm  mmd  App«Nrfa«<-a  mt  a  Bvltcr  '^TO — 
L  The  s/W/,  or  ext<Tiia]  bouudiiry  of  the  Itoiler,  for  which  tho 
Itl  material  ia  iron,  although  ahtiet  copper  is  sometimes  em- 
'.     The  figun'M  usually  employetl/ur  the  shells  of  boilers  arc, 
lerical,  the  cylindrical,  and  the  plane,  and  oombiimtions  of 
three  tigurcs.     The  nmst  eommcm  figure  at  tho  present  day  ia 
^ a  horizontal  cyHnder,  with  flat  or  hemiapherical  cuda.     Ia. 
peculiar  boilortt,  Uio  ehell  i»  a  vertical  cylinder,  or  a  cluFter 
rei-tu-al  tubes  connected  by  meauH  of  horizontal  tubes  (as  in  Mr. 
uidi>ck'6  boiler)  ;  or  a  uet  of  sqtjare  tubes  or  cells  (aa  in  Mr. 
U.  Rowan's  boiler) ;  or  a  single  Kpiral  tube  (as  in  Mr,  PorkiDs's 
ler).      Tulvs  which  thus  cuutalu  wat«r  internally  are  called 
ler    tulesj    to   distinguiiih    tlif^ni    frnin    tubes   for   transmitting 
uace  ga*i.     In  mo«t  locomoli^u  iMulers,  part  of  tlio  nhcll  is  a 
Uinguhu-  box,  contfiiniug  witliin  it  another  rectangular  box, 
JM  latter  ia  the  firo-box.     The  »hetls  of  ordinary  luatiue  Ixjilers 
Iff  irregular  shafx^  itdaptod  tn  the  npnco  in  the  ship  which  they 
to  octnipy,  uid  approzimataiig  more  or  less  to  rcctanguhu: 
ff«8,  rounded  at  the  comers  and  arched  at  tlie  top. 
L,  The  tttam  chest,  or  dame,  being  a  part  uf  tlic  shell  which 
^  DMB  above  thf-  !«vel  «if  tlie  rest  of  the  boiler,  iso  as  to  provit 
tin  which  the  Htuatn,  before  being  conducted  toUiceag*' 
it  any  particles  of  «pray  that  it  may  ha\'e  wuriwl  up ' 
It  itj  utiually  cylindrical,  with  a  heini.«|ihencul  or  a 
Lbut  ita  form  is  oft«u  varied,  etspecially  in  marine  bol 


r 
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Mmij'  ct  tke  pafta  mmtioBed  in  ibe  last  Article  u  bek>nffiu  V 
fanmoim,  beeoae,  vben  tb*  famace  u  inl«ma],  parts  of  the  halm 
aim;  for  exunplA,  the  ub*nit,  in  the  cyliiiclriciu  internal  fimr 
of  a  barizonta]  cjUodrical  V>il<:T.  ts  Himply  the  n\iiKe  beliiv  Al 
f^t«  untfain  the  eyUndrical  flue  whieb  oimtiuiis  the  flmaa 
Wfttor  bridges  hnvr  abvwdv  bwn  described. 

l'h«>  raincipal  bridge  ax  the  back  of  an  inu>mAl  fiimam  ii  woillf 
nf  firv-brick.  Bometimeq.  in  onler  io  prevent  the  cooliojr  ol  m 
flame  by  contact  with  the  rarfnoe  nf  a  water  ejmoe  before  the  n» 
bustion  is  complete,  tbe  furnace  is  linni  iottrrtmUy  vith  a  fin-tisdt 
arch;  and  sometiiDes  &!«>  an  iQt«mAl  tlame  chamber  (Artidt  3M( 
BiTision  XL)  a^ioining  the  furnace  ia  lined  in  the  aaroo  nuntM: 

One  boiler  may  oonUuo  ooe,  tro,  or  more  inb-i-ual  funmoim 

rV.  ItUamai^um,  and  internal  UAea,  beioj^  snuUI  internal  fltn^ 
Iiave  already  been  mentioned  under  heuil  X 1 1 1.  of  Articlo  3(M. 

V.  A  tuh«-plaU  tA  a  plate  which  famu  Kom«>ttDieA  p^rt  of  Hat 
shell  of  the  l>uUer,  and  sometinicn  one  wdo  of  an  intt'rtiiJ  fire-lwi. 
flame  chamber,  or  tlue»  and  which  ifl  p^rfbrated  with  botnt,  tirt» 
which  tbe  ends  of  a  set  of  luWs  arr  Bxed.  Each  mt  of  tab« 
rwjuirea  a  pair  of  tabe-plates,  one  for  encU  tn<l  of  the  tuboa. 

VI,  The  man-kUs  is  a  dronlar  or  oval  orilire  in  any  oniTCftia* 
position  on  the  top  of  tbe  boiler,  largo  euou^h  to  tulmifi  a  maa  ta 
the  iutcriiir  of  the  boiler  to  cleaoM  or  repair  it  The  entrutcw  to 
the  Bian-hole  usually  coufUMbi  of  a  abort  cylindar  hftvin^  a  daogB 
aoiTomidiug  its  up|)er  enrl,  to  which  the  cover  ia  bolted,  wbeo  ^ 
cover  op«DS  ontwarda.  Thu  Wit*  must  be  capable  of  safely  heamMg 
the  preemre  of  X\»  steam  aguinat  the  oover.  BomedinQS  the  oonr 
opeits  inwards,  and  then  it  is  kept  shut  by  the  ppwure  of  ih/t 
«t4>am ;  but  to  pre\-eut  its  being  dislodged  from  ita  seat,  it  is  bdd 
by  Iwlta  and  nuts  to  crofH  bars  mitside  tbo  man-hole  The  oot« 
•huuld  tit  ib»  amt  rezy  acciimtely.  ^^ 

Vlt.  if«^AJ«are  orifioM  at  orntarthe  lowHct  partof  ft  bci^l 
*'\'fb  •»  opi-ned  ocfft)iion»Hy  for  the  diMharge  of  aediment      ^^ 
'"    ""  '    ,li]r  wjbiohwateria introduced  tototkt 
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to  iup[ilj  tiiu  place  tif  that  which  has  been  dischai^ed  in  the 
of  Bteoin  or  otherwinv,  is  usoally  supplied  by  a  pump  workuti 
1li«  engine.     In  ntarine  and  locomotive  engines,  the  rat«  at 
fewi  water  is  supplied  is  regulated  by  a  cock  luidiT  the  cou- 
of  tJie  engineer;  the  aur])lua  water  which  conitti  from  the  f(*d 
p  heU)^  di^-liuxgcd  thiuugh  a  valve  loaded  with  a  prenure 
thiUi  that  in  tlid  boiler;  but  in  stationary  boilers,  there  is 
a  aelf-utitiug  appurutuii  Ut  rugulate  the  feed,  contoMllcd  by  a 
which  riaes  and  falU  with  tlie  level  of  the  water  in  the  boiler. 
proper  dinieuaiuus  of  feed  ptinipis  will  be  considered  iartber  mx 
Qa»e9  in  which  a  Jioat  within  a  boiler  is  uacd,  it  pught  to  rise 
&JI  witliin  a  caaing,  communicutiug  with  the  rest  of  the  boiler 
lOgh  small  hoIcK  near  the  top  and  bottom  only.     The  watei- 
tho  caeiug  will   pre»iTvo  the  «nae  meiiu  level  with  that 
in^oiit  tht)  rest  of  th«  boiler,  but  will  be  fi'ee  fi-nm  the  agitii- 
which  Is  produced  in  all  other  parts  of  the  boiler  by  the 
ment  of  steam.     (As  to  /ti^Wors,  see  page  477.) 
e  bloia-<^  apparatus  cou!:<ists,  in  fresh   water  boUers, 
iply  of  a  largo  cock  at  the  bottom  of  the  boiler,  which  is  o|iened 
iy  to  cleausc  the  boiler  by  emptying  it  comijletely  of 
ment  and  muddy  water.     In  mnny  marine  boilers,  fed  with 
water,  a  similar  cock  is  opened  at  regular  intorrala  to  discharge 
:,  ond  Ml  prevent  salt  &oni  colleetijig  iu  the  boiler.    Another 
-ofif  cock  is  sometitnee  so  phtced  as  to  discharge  occasionally 
tMNHt  ooDsisbing  of  oiystals  of  stUt,  wliiuh  collects  on  the  surface 

water :  this  is  called  the  "  surfar^  btow." 
As  a  substitute  for    the    cunimon    blowMfU  ap]Kimtiis,  Messrs. 
ndnlay  introducod  brine  pumfta,  which  draw  ulT  a  tixed  quan- 
of  brine  from  the  bottom  of  the  boiler  at  each  stroke  of  the 


brine,  wlmther  blown  off  or  pumped  off,  is,  or  ought  to 

through  a  set  of  tulx'^,  surnjuuded  by  a  casing  through 

ich  the  feed  wut<T  jMsses  nu  it^  wuy  to  tho  bt^iler;  the  ciirr«nt8 

10  brine  and  of  the  feed  water  flowing  in  opftoiiite  directions. 

e^ns  of  this  apiwi-atua,  culled  the  ivfiigaraUjr,  the  greater  part 

i  heat  which  would  otherwise  be  wasted  with  the  briuo  is 

by  ln-iiij;  tmusferred  to  tho  feed  water. 

The  atxiiment  eoUtmior,  used  in  some  marine  boilers,  is  a 
lel  aluiped  like  an  inverted  coue,  and  placed  witliin  the  boil* 
mouth  is  somewhat  above  the  water  level.    It  oommttl 
ith  the  rest  of  the  boiler  thixiugh  tiioogular  slits  near 
upper  edge.      In  tfie  briiler  generally,  there  is  a  continual  boD' 
up  of  atuam,  which  koeps  crvittals  uf  salt  and  other  b(.>lid  j/so 
for  a  time  upor  the  suHace  x^i  the  water.     Within  tho  com 
ift  cuupaniiTely  still  water,  so  that  the  soUd  im)^ux\^&Hb 
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then,  uxd  sink  down  to  the  bottom,  or  apejc  of  thp  mott, 
iktey  u«  (ram  time  to  tune  blown  o^  b^ng  fint  HtiiTad 
aocrwiry: 

XI.  The  atem  jm^m  conveys  the  stMim  from  Uic  * 
engine     A*  to  iU  rlimon^knu  and  rautancv,  woe 
~      lc«  thft  throttio  ^-alve  nr  rP:gnla.tor,  \iy  which  (in 

to  the  vngine  is  controllt-*!.  tlie  stnun  pip<*  of  e\t 
lid  bo  pravKled  with  a  jierfMrtly  steam  tiglit  Mti^p  rrttix 
nsnally  a  oonicnl  valvt;  wurled  by  means  of  a  screw)  to  he 
when  the  bnitu-  is  not  in  use. 

XII.  Safeti/  valval,  for  Ivtting  the  «t«ain  escape  from  llw 
whon  its  pressun?  tends  to  ri«'  too  high,  have  bnm  paniallT 
tionod  in  Article  113,  nnd  wiM  I*  further  couacii len.il  in  a 
qucnt  Article     Every  boiler  should  Iia.vo  two,  one  baing 
be}'oiid  the  control  of  the  fiigiupiiian. 

XIII.  The  racuum  ralvt  is  a  safety  valvo  orw^ning  inwantii,ti>^ 
admit  air  into  the  Knier,  and  so  to  prevent  li  from  coUap  ' 
inlte  event  of  the  steam  within  it  falling  bflow  tlie  atuK«|il 
yntmat. 

XIV.  The  fitmbU  plug  in  a  j»it;ce  of  mt!tat  or  alloy  fitoi>niiigi 
apcrluro  in  winic  part  of  thi-  Uiih'r  which  is  directly  oxpoAHd  to  l 
fire,  and  of  Kiii-h  a  arnipoxition  us  t4i  melt  at  a  tempentunr  In 
tluui  that  at  which  the  pn-wmrc  of  tho  steam  would  hM^omt- 
geroiis.      As  to  the  melting  pointa  of  ^-ariotiA  metn1»  and  at1'>vs, 
Article  ^05,  |ntge  23o.     Little  confidence  if  now  phkoed  in  il 
coutrivancfi;  for  it  ha«  l>een  known  to  fail  cnmpletely  iu  t-ariou 
cases  of  boiler  exploaioaa. 

XV.  The  preifimtreffayfft  shows  to  the  engineer  tlic  cxocff  of  I 
prcaaurc  within  the  Wiler  above  that  of  tio  atmocpherA.     A 
\uriuua  pressure  gauges,  «eo  Artiele  107  A.     That  M-liich  ia 
almost  nniverRally  preferred  for  steam  boilers  is  Bourdon^s  (■<' 
piigea  111,  11 -J). 

XV  I.  The  vHitm-  gauge  shows  to  Uie  engineer  the  }evol  of  tfc" 
water  in  the  boiler;  and  eii|>ectidly,  whether  it  stands  high  eooa^ 
to  cover  all  tho^te  parts  of  the  Uiiler  which  are  directly  uxpueod  t» 
the  lire.  The  old  form  of  water  gauge  e<>nJ*ii!t.H  of  three  eockii»l 
ditTen-nt  levels;  on*>  ut  the  proper  level  of  the  water,  auothf^ra 
few  inches  above  that  level,  and  a  third  a  few  inches  below,  fi; 
opening  these  the  engint^T  can  nvscei-tain  the  level  of  the  wafai' 
apjiroximately.  The  new  form  which  m  most  irequentlr  nael 
onnmste  of  n  strong  vei'tical  glass  tube,  eommuuicuting  with  tlir 
boiler  above  and  below  the  proper  water  level  through  cncki, 
which  can  l>u  shut  if  the  tiiVie  i»  accidentally  broken.  The  lerrl  'if 
the  water  is  visiltle  In  thia  tnbe.  Every  boiler  ought  to  be  pp^- 
vided  with  both  f^ruu>  of  water  gauge,  the  cooks  and  tiie  glm»  tubn; 


^ 


APTEKDAOES  OF  BOILZB — PI&E  aOATS. 


455 


h  tluit  if  the  tube  nliould  be  choked  or  broken,  tbo  oocks  may  ba 
nployed.  There  are  othnr  fonns  of  vat^r  gaiign,  iu  wliich  a  float 
pte  ufKin  au  iudexj  but  they  uro  Ioib  used  thiui  Iho  two  furmii 
plbre  uientioned. 

l  In  tho  sethei'  evaporator  of  M.  da  Trembloy's  binary  engine, 
■lere  a  glass  tube  would  be  dangerotu,  an  iron  float  on  the  sumoe 
rthe  feUier  naeii  aod  falU  in  a  vertical  braaa  tub^  and  iti  position 
I  indicikted  by  n  mngnetic  needle  outaide. 

I  XVII.  A  «toam  whiatlg  may  be  used,  aa  in  loDomotivea,  merely 
p  make  signals;  but  it  may  aUo  be  act«-d  upon  Viy  a  {ircsaure  gauge, 
^  by  a  float,  ao  aa  to  give  warning  of  the  presaiire  riaing  too  high, 
r  the  wuter  level  falliug  too  low. 

I  XVIII.  A  damfjfr  is  Bonu'tiincs  so  acted  upon  by  a  pressure 
Mge  as  to  regulate  the  draught  uf  the  furuaoe,  »ud  )>ruvcal  any 
■Ht  deviation  of  tlio  pr^tiHun'i  from  a  given  intAnAity.  This  ia 
Hnnplished  in  Watfs  low  pressurn  stiitinnary  boilers,  by  having 
[|auwure  gauge  conaisting  of  a  vei-tical  column  of  water  contaioed 
P  s  tube  which  is  open  at  the  top,  and  phuiges  into  the  wat«r 
rithin  the  boiler  at  the  bottom ;  while  a  float  on  the  suifaoe  of 
twt  water  column  opens  the  damper  when  falling,  and  doeea  it 
)ihea  rising. 

i  XIX.  Siayt  are  bars,  rods,  bolt«,  and  gussets  for  Btrcngtheniiie 
|ke  boiler,  which  have  already  been  mentionetl  in  Article  C6,  and 
rill  be  furtlior  referred  to  iu  a  subttequent  Artiele. 
i  XX.  Clothing  for  the  outer  surface  of  a  boiler,  to  prevent  waste 
IT  heat,  ifl  mado  sometlmt^s  of  a  layer  of  ooaive  felt,  covered  with  a 
lyer  of  thin  wooden  boards,  and  sometimes  of  a  casiug  of  brick- 
rork.  The  tope  of  land  boilers,  resting  on  brickwork,  are  sometami-H 
iuried  under  a  layer  of  ashes;  but  this  method  ih  objectionable,  as 
be  moisture  whioi  collecta  amongst  the  ashes  tands  to  oorrode  the 
oiler  shell. 

The  principal  parta  and  appendages  of  engines  and  boileni  having 
leen  euumenil^Ml  and  dcMcribod  generally,  tbo»e  which  rci|iure  it 
rill  now  be  treatod  of  in  a  more  dti^tailed  manner. 

30G.  Otmw. — The  area  of  the  gi-ato  is  regiihUed  try  the  weight  of 
Bel  which  is  to  t>e  burnt  iijKm  it  in  an  hour,  and  by  the  rate  of 
Dmfruffion  per  square  foot  of  grate,  an  to  which,  aee  Article  332. 
lb  the  liflt  of  different  rates  which  occur  in  practice,  as  given  i'^ 
bat  Article,  at  page  285,  may  now  be  added  the  following,  whf  | 
Mnes  between  Nos.  1  and  2  of  that  list : — 
I  Lba.  per  aqV 

foot  ptr  b^      J 

1  A.  Bate  of  oombuatiou  in  the  furnace  of  Craddock's  )  ,•  I 

boiler, f '*  i 

h%  has  been  already  more  fully  explained  m  CVu.\Am  I 


4 


I 

I 
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■  «f  ftnl  dmadi  rary  aindi  on  the  propar  adja'^ 
As  uto  rf  wlwwttnii  |«r  aquue  foot  of  grate  to  tEt 
Iks  IhifMi     A  oertBB  rate  of  cDmbostion,  which  omj  Wl 
b^  pnctnl  triali,  »  tin  best  miitcd  to  insure  perfeot 
is  a  ciT«B  tunmot;  mad  thk  fixes  the  beet  areib  of  gmie: 
ymli  ■  — de  i— fler, the  coiabagtion  becotneB imperfect:  tfl 
too  —A  rir  antcn^  «nd  beat  ia  imated  in  wntmiug  it     It  u  < 
m  ptactiM^  to  n«ke  the  gntMuvi  mt  firet  nther  too  )u§t,\ 
tkem  M  oatttnct  it  by  BcaM  of  fii<&-brick8,  until  Che  tmallm* 
iiohliiBednpOB  vftadithenqmndqiiantx^of  00*1  can  be' 
withMt  Ineaa^plele  conbutioa. 

When  air  is  Aclmittpd  above  the  ftivl  to  bum  tbe  00a) 
^laBv  arr«  of  gimu  is  roquind  to  bum  a  giTen  fjuaatitr  1 
par  hoar,  thaa  vboi  the  whole  mpt^y  of  air  baa  bo  fmm' ' 
the  nt&     For  aa  waaiple  of  thuL  aee  tiie  Table  in  Aitiela  { 
wa  385,  No&  «  and  «L 

Tha  tmfdk  ct  a  grata  ibottld  not  much  exceed  6  feet,  in 
that  the  fireman  maT  eaaify  thruv  coals  to  ilie  bock  of  it.    It  1 
be  aa  much  lm»  than  6  fiM  as  the  dimenidons  and  fi^re  ofl 
boiler  nqoire.     ^w  hrwadAa  of  gimtes  range  from  about  Id  a 
to  4  feut ;  the  moct  convenient  hrMdth»  foi-  firing  being 
indiai  to  3  hat,  at  thwaabonta    The  grates  or  atatianarjr 
maBM  boilers  an  oaoallj  long  and  narrow ;  those  of  ' 
boslan  are  nsuallr  almaat  aqnare,  and  sometimee  round. 

Tk>  fiuilitate  the  even  apreadiug  of  the  fiiel,  tlie  Eturfan'  of  ■> 
oblocw  gnte  is  in  gmen^  made  to  A^  domnoarda  from  tbe  finauK 
mouth  to  the  bridge  at  the  rate  ti  about  one  in  atai  Ito  don 
height  above  the  floor  of  the  ash-pit  aliould  be  at  least  S|  foet  is 
front 

A  locoiDOtiTe  grate  isnmially  level;  and  the  place  of  an  ii^-[<t 
is  supplif>d  bv  a  rectangular  wrought  imn  pan  abont  10  iulMi 
deep,  which  is  o{*c-n  Ht  Uio  front,  to  cutch  the  air  aa  the  cn^n* 
rushes  through  it,  and  can  be  removed  when  rpqiiirMl 

A  gmte  consists  oi  Jin-ban,  and  of  cron  bearrr»  by  which  Uvf 
are  snpi^rxed.  The  firtr-bars  sre  made  in  lengths  of  from  S  to  S 
feet  They  are  from  |  inch  to  )  inch  broad  on  the  top,  and  tn 
oAen  made  to  diminish  to  about  half  thnt  thickncA  at  tlie  low* 
edge,  in  order  to  admit  of  the  free  entrance  of  air  and  e^oitK-  '"^ 
ashes.  Their  ordinarj  depth  is  al<out  S  inches.  The  bi' 
the  clear  space  between  two  bora  is  fW>m  one-half  to  two-tUi  1-- 
the  greatest  breadth  of  a  bar.  At  each  aide  of  each  end  of  a  bar 
there  are  snugs  or  projectioDS,  by  which  the  breadth  of  the  >«r  ki 
its  ends  is  imreased  so  as  to  be  equal  to  the  distance  fh>m  centre 
to  oentro  of  the  bora.  When  the  here  are  laid  np«m  the  cron 
bearers  with  the  snugs  touching  each  other,  the  proper  spaoes  ub 
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left  bulvceo  tbeir  uitermcdiat(>  parts.  Fire-bars  are  often  cast  in 
poire,  so  that  two  bars  with  the  proper  space  between  them  form  one 
piece.  Thin  naves  time  in  retooviug  and  replacing  them  wheo  the 
^nXe  requires  repaira.  (Aa  to  boming  mineral  oil,  aee  page  i77.) 
307.  M**ias  orM«*.~— Kcfercuce  ha>i  bt-t-L  uiatiu  la  Article  2'M), 
page  '28'Z,  to  contriviinces  for  siippljing  fuel  to  furnaces  gratltially 
■uid  et(iui))ly  by  mechtioitiia,  in  ordtsr  to  impure  complete  oombiutioo. 
Sume  of  these  inventions  invoWe  the  use  of  mo\'iiig  gratea  The 
rmfolviitg  yrate  in  clrculur  and  hori^rmtul,  uud  turns  slowly  about 
ito  centre.  The  fuel  is  dropi^ed  upon  it  by  degrees  t}irougb  a  tixed 
vwsung;  and  thus  every  {lart  of  it  iti  at  :l11  tiuies  e<]ually  covered. 
t/uelxg*  (fTxUe  oonsirts  of  au  eudlcsB  M-eb  uf  veiy  ^lurt  fire-bars. 
ZDOving  ou  horizontal  roUeni,  travL'Uing  from  the  furnace  loouth  to 
the  bridge,  and  r^tumiug  tln-uiigh  the  luh-^jit.  The  |)urtiou  of  the 
■vreb  M-hich  nt  any  time  ia  upiiei-m(wt,  is  ftnpported  on  ffmalt  wheelfi 
-with  which  the  bars  are  provided,  and  which  rest  on  mils.  8ouie- 
tinwe  the  fire-lMir»,  by  meatui  of  oldis,  are  made  to  have  a  Khort 
xedprocatiug  motiou  up  iiud  down,  and  irom  side  to  aide,  in  order 
to  keep  them  clear  of  clinkera. 

3Utf.  Hdfiu  tVmnmet. — The  clear  hei^t  of  the  "onwn"  or 
roof  of  the  funiaee  above  the  grate  bars  is  seldom  le-ss  than  about 
18  ijiclie^  aud  ulteu  considerably  more.  In  the  iire-box«s  of  looo- 
inotives  it  iR  on  an  average  atiout  4  feet. 

The  heij^t  uf  eighteen  inches  is  suitable  where  the  crown  of  the 
furnace  is  a  brick  arch,  as  in  Mr.  0.  T.  Dunlop's  detached  furnaces, 
formerly  referred  to.  Where  the  crown  of  tlio  furnace,  on  the 
other  hiind,  forms  port  of  the  heating  surface  of  the  boiler,  a  grcAtcv 
bdght  is  desirable  in  every  cose  in  which  it  can  be  obtained ;  for 
the  temperature  of  the  boiler  plutcs,  being  much  lower  than  that  of 
tlie  dome,  tends  to  check  the  combinttion  of  the  inflammable  gasea 
which  rise  from  the  fuel  Aa  a  general  j>riin:iplc*,  a  high  furnace  it 
/itoouraUe  to  complete  ctmibuMtion. 

The  hei;,'ht  uf  the  fomooo  ia  limited  in  practice,  sometimes  by 
the  necessity  for  haWng  fluea  or  tiilK-8  trHvorsing  the  water  above 
it;  aud  always  by  the  ueofmiity  for  having  a  sufficient  duuth  of 
wattir  a^Hive  the  crowns  that  is  to  aay,  about  12  or  15  inches  in 
marine  builera,  5  i>r  C  inches  in  locomotive  boilers,  and  10  or  12 
inches  in  lurid  boileifi. 

30i}.  UMctk  (f  BNiwtai  WM4. — According  to  M.  Poclet,  the 
liest  furnace  for  burning  wood  uudc^r  a  Kteam  boilor  oonsihta  of  a 
haartb  of  fire-brick,  with  a  sort  of  kopper  or  feeding  paoHOf^  in  front, 
of  the  full  width  of  the  hearth,  miide  nf  cast  iroiL  The  wood,  cut 
into  billeta  whoso  length  is  a,  little  Icsh  than  the  width  of  the 
hearth,  is  placed  crosswise  iu  the  hopper,  and  deaoenda  gradually 
'  er  by  ita  weight  alone,  or  by  its  weight  aided  by  tUc  \«'i«».v(pt  dS. 
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fi<«t  of  the  fttoker.     Aa  it  reftchea  thr  hearth  billet  W 
takes  ftro.  and  U  OQmplobely  cousuined.     The  bemrtii  hu  i 
Hlnpe  forwEnb,  tovBrax  the  bottom  of  the  hopper.    Xbe 
mtpply  ol'  air  far  the  combastion  of  the  wood  pmemm  down 
iJiu  hopper  Btnnnnt  the  uDcoosamed  billeta  of  wood.    The  ■ 
swppt  Bwnj  bj  th«  dimughL 

310.   Bnd  PlM»-JHMNliH««c~PlJ«  nm^a—Wmnmt 
ftt  »>it> — The  xue  of  the  dead  pUte  haa  been  vtated  in 
290,  page  S83.     In  aome  of  Watt's  funiA<M«,  it  vna  ntsrly  i 
u  the  grate ;  bat  a  length  of  about  2>')  inches  baa  been 
answer  veil  in  flome  reoent  ptuctical  example!*.     When 
|tlste  forms  the  Imttora  of  a  cast  iron  mr>r  it  i» 

make  th*  roof  of  that  moulhpicoe  dope  u<  .  ^  towudi 

funiacv  at  the  mtv  of  mm  in  tix,  or  thcrL^lMiiit«.      Tliis  hu 
effpct  of  directing  any  current  uf  air  which  may  piit<>r  tbrou){iij 
mouthpiece  ilownwanU  u|ioii  tb)>  mirfiuv  of  the  buruing  fw 
at  ODCO  to  {iromole  rapi<l  coinhustion  of  the  cool  gas,  aud  to 
tliat  curreut  frum  struing  the  crown  of  the  fire-box*  wh!d 
that  crown  i»  part  of  the  bniler-surfiice,  tendu  both  tn  Im 
temperature,  and  to  oxidate  the  phitca.    In  some  fitmaoes 
and  top  L>f  the  mnuth|>irce  are  made  thick  enough  to  be  trai 
bj  a  mw  of  limsitiidiiud  holes,  each  |  inch  in  diameter.     Th-m 
holes  admit  snuul  currents  of  air,  which  hare  aomo  effect  in 
ing  the  coal  gas,  but  whose  principal  use  is  at  once  to  kee 
mouthpiece  cool,  aud  to  cany  l«ek  to  the  fumacc  tho  heat  i 
wonid  nthem-im!  be  lo;^  by  conduction  through  the  metal  ot ' 
mouthpiece. 

In  Mtue  fnmaces  the  dead  plate  w  double,  and  a  current  of  i 
admitted  through  the  twaage. 

Aa  to  coDtri^-anoes  for  preventing  waste  of  beat  through  the : 
door  and  fnrnaoe-front,  and  for  admitting  air  thmugh  them  to  ' 
the  coal  gas,  and  regulating  the  admission  of  tluit  air,  and 
air  which  enters  throuj^h  th«  a«h-mt,  see  Article  25S, 
and  Artick-  230,  |m^i-!i  •jH-2.  i6X     To  what  has  been  stat 
it  maj  be  added>  that  ilorn-s  consifiting  of  Mveml  layers  of 
ganxB  have  lately  been  nHe<l  for  these  pur^ioscs,  and  it  is  iwd 
good  effect;  and  also, that  a  hc«pofdross,  sltu-k.or  fuwdutit(wb(i 
those  safastaDoee  are  burned),  blocking  up  the  mouthpiece,  wloo 
is  without  u  door,  haa  becu  fuuud  to  answer  the  Kime  end  cxtmnsljF 
well  in  statioDaty  botlpra  at  St  Rollox  chemical  woricA     The  he 
an  placed   interoeptH  tho  radiant  beat,  and  admits   tlirough 
interstices  enough  uf  air  to  carry  the  sensible  part  of  that  II 
liack  into  the  furnace,  and  to  bum  tho  gaaes  distilled  fiom 
ftvsh  fuel    When  the  nregian  consident  thdt  the  heap  is  suffietenf 
coked  or  diarred,  hi§^|^^|2^rward  and  spreads  it  uniformly 
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over  the  grat«,  aud  supplies  ita  place  bjr  blocking  tlio  mouUipiecc 
sgnin  wit))  n  h<>Ap  of  frtwli  fuel. 

311.  Air  PaMM«M— BUwJna  Apprnwrntm^—Chtrnmrj. — Th«  meaos 
of  producing  a  current  of  air  througli  a  furiuioe,  and  the  principles 
of  the  actiuu  uf  thojie  means,  and  ttieir  pc-culiar  ctTficts,  liavc  olruidy 
(with  the  t'xception  of  the  blast  pipe)  bccu  conaidered  in  ArticleR 
230,  231,  232,  233,  and  234.  It  may  now  ho  added,  that  care 
■faonld  be  taken  not  to  direct  atn-unu  of  frcah  air  uguiuiit  the  plates 
or  other  metal  gnrfiioea  of  the  boiler;  bccaiue  if  m  direoled,  Ihey 
produc))  rapid  oxidtitioo. 

The  blast  pipe  will  be  treated  of  in  jfniitcr  detail  amongst  some 
special  fflibjects  relating  to  locomotive  boilertt 

312.  HitvBcib  and  C»natractl«H  «r  B«ll«v«< — Tlie  principles  upon 
which  the  sircngth  of  boJEers  deprmlR  hnvp  already  bt;en  stated  in 
Section  8  of  thy  Introduction,  Articles  69,  GO,  6l',  63,  C3,  66,  67> 
68,  m,  and  73. 

The  only  iipires  for  the  she/Is  of  boilers  which  arc  safe  af^nst 
bareting  by  ititi>i-n»l  pre-sstire,  without  the  aid  of  etays,  are  the 
cylinder  and  tlie  sphere,  aa  to  which  see  Articles  62,  63, 

Portionfl  of  boiler-shells  which  are  tint,  or  which  otherwi» 
deviato  fi-om  Ltie  cj-Undrieal  and  spherical  figures,  are  strenj^heucd 
l^  meaiw  of  stays,  a^  to  which  atx  Arliclo  CG.  To  the  information 
fth«ro  given,  it  may  l»e  added,  that  the  usual  pitch  or  distance  apart 
d  tiie  8ta}-B  of  loeomotive  fire>-boxo8  is  nWut  4J  or  H  inchei,  aud  of 
BUirine  aud  stationary  binltirs  12  to  tH  inches.  AccordinK  ^  M^r. 
Bourne,  the  staying  of  existing  niainnc  boileru  is  seldom  sufficiently 
strong;  and  tlie  iron  of  the  Kttys  ought  not  to  be  exposed  to  a 
greater  working  tension  than  3,000  lbs.  on  the  square  inch,  in 
order  to  provide  against  their  being  weakened  by  corr»^aion.  This 
anioiiuta  to  making  the  /tKtor  of  mfiA^  for  the  working  presauro 
•botic  20. 

If  uny  part  of  the  sttr&ce  of  a  boiler  cannot  be  efficiently  stayed  \ry 
rodfl  n-ar-hing  acrow  to  the  opposdlo  part,  it  laay  be  fojU^m-d  by  bolta 
or  riveta  to  a  series  rf  ribs  crossing  it,  care  being  taken  that  the  ends 
oftbitserilw  have  sufficient  support.  For  example,  the  llat  crown 
of  a  locomotive  fire-Wix  is  bung  by  bolts  from  a  series  of  parallel 
riba,  which  cross  it  at  diHtancva  of  from  4^  to  5  iuebcs  from  centre 
to  centre,  and  wbotie  e4ul»  i>r«  supitortod  on  the  front  and  back  of 
thr  fire-box. 

It  luui  been  fonnd  by  exiwrienco  that  a  thickness  of  about  g  of  an 
inch  ia  the  most  favourable  to  sound  rivotting  and  caulking  of 
lK)iler-pIiit*-=(;  and  (hert-fore  they  are  feehlom  made  much  thicker  or 
mocb    thinner   thtin   that   thickncm.      If  a  cyliudrical  boiif^ 
i^tivtiiTd  \f\  withrftaud  a  very  high  pressure,  the  neceaHuy  id 
t>f  Kireitgth  mufit  be  attained,  not  by  increasing  tive  ^^bv^oMA 
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ililii  .111  I J  liMiiiiinllii  iriiwrtw  iifitii  iiliill     TV 
Uk»  >n  thorn  «1ddk  mt  ootucly  pottyowd  of  tnfaii  aati 
ujlui^iii.  with  lh>  •— ter  md  iteMa  iwidfe 

Mr.  FMxteini'a«»e>inMal>  b«ve  Auwn  (as  stated  in  A 
tiMt  Ike  itii^^ialte  of  lBea«B«m  ii«4HSn  ilKmld  Iwvv  Uicir  < 
UCT<yJtodaohlcth»<liirtnMi»af  theplate^  if  theaean 
»  tbrt  tor  I  inch  iron  plate*  tbe  atey-bolte  abonld  be  ] 
iBamnlnr     JkeaarSam  to  th»  pttts^lca  bid  down  by  Mr. 
^  fiuAor  of  mAi^  m  *!»  "ti^  of  mBrine  boilers  sbouU  I 
three  timea  the  factor  of  mfety  fer  tluno  of  looomotave 
basOT  fiar  plstea  ctf  |  inch  Uiick  or  thoicsbont^  tbo  stsys  «f 
bcnlen^  if  round,  uoald  ba  about  1^  indi  in  dumeter. 

Ilk*  iait  ends  of  (jUndrioal  boikca  are  made   sbovi 
s-half  the  thicfaMM  of  tlu  cylindrical  faanvlB,  and  are  fci 
vtl>(T  by  longittidiBaJ  Btays,  or  to  Uie  ridea  of  tbe  boiW  by- 
Art  GO.)     A  pair  of  tabe-platea  are  tied  togeHher  in  the 
ner^  aud  it  is  a&fer  to  raly  altogeUior  on  Btajr-iDda,  to  pmsot  I 
from  beiQg  forced  amnder,  than  to  leave  any  part  «  the 
to  bo  borne  by  tbe  tubes. 

Tubea  for  tho  paamee  of  Bame  and  hot  gas  «i«  made  of  boMtf 
of  iron,  and  are  from  iX  to  2  inches  in  dianwter  tor  kMUiiiotivei^Stl 
from  3  to  4  incbm  in  m&mcter  for  marine  boilers.  They  aiv  ftni 
Ught  iu  tho  huJee  in  the  tube-phUcs,  eitbar  by  driving  fcndeBiBH 
tlwir  sods,  or  by  rivccting  ap  Che  edges  of  tlie  ends  thcaiaelvs^  » 
OS  to  make  them  fit  oouatcr^iiak  grooves  which  summnd  the  hnki 
<m  the  outside  of  cftch  tubc-pUtft 

Tliu  principles  of  tho  tttrungth  of  cylindrical  internal  fines  ban 
bwii  explained  in  Artiolf  G7. 

The  llitt  ends  of  cvlindricsl  boileis  an  very  commonly  oaautdgA 
will]  tJiu  bftm^lis  uiiil  Hues  fay  meana  of  zings  of  angle  iron;  but  mat 
rinjffl  are  liahte  to  Kplit  »t  the  angle;  anil  tlicTvforv  it  is  conadeiei 
pnui'mbld  to  inakv  tho  connection  by  bunding  the  odgM  of  l3» 
tMHliii'  f  die  lurrel  and  floes.     A  flat  ind  to  a  c>         ■ 

h)w\\.  ]i  til  tt  cylindrical  fftcam  diifit,  comiect««I  ■. 

itf  an  auf^lo  iruu  ring  aUiue,  without  stay-bars  or  guaseta,  u  dAUiXJ- 
oiis  at  high  pronmres,  even  when  of  small  diiunot^^r ;  a«  ib«  bu^V  in» 
ring,  althottf;li  it  may  but  (vr  a  time  and  be  apiioreutjy  safe,  is  alnw* 
ci-i-taiu  to  split  »t  thtt  angli>  in  the  end. 

Thu  shells  of  stataonaiy  and  ktcomolivc  Ixiilum  tire  usually  singk- 
ri  Vft  ted— thaiK^  of  marine  boikra  usuaily  double-rivettod — that  a. 
tin'  ri%-et«  fonu  a  zi^fng  hut-  nt  each  jotiiL  Horinsntai  owrlapjic' 
jciiuu  ijHmId  havii  tho  uverLtpiking  eUgc^  facing  upward»  uu  the a<k 
Urxt  tli<>  vntt^T,  that  thvy  nuiy  nut  int<Tn.'pt  bubbles  of  steaa  t* 
th«tir  wny  upwiuxU.  'Hx'  ji<inu  in  hMri^Lmtail  flues  should 
Jibinxl  tluit  the  o^Trtjf  dp-^i  tfball  not  oppose  the  current 
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Those  parts  of  boUum  wbich  aro  expoaed  to  more  aerera  or  mom 
irpeguUr  BtraiiM  thiin  the  rent,  <)r  to  a  more  intense  hent,  Hhould  be 
made  of  the  GnoA  iruo,  itucb  aa  Buwliog  av  Lon-moor.  This 
*pplipi4 1(>  th«  ni<leB  and  atiwiis  of  internal  furnaces,  to  tube-jilateg, 

bent  plates  at  tbe  ends  of  cylindrical  shelLt,  ibc 

313,  DniiiHC  nmwAne — DivM-MilcaB  tua*  C««r«e  9f  PlMMa — In 
icie  234,  Di\iBion  IV.,  then«  have  already  been  given  several 
examples  of  the  proportions  usually  borne  by  the  area  of  lieatuig- 
snrface  to  the  area  of  the  grate,  and  to  the  number  of  pounds 
of  fuel  burnt  in  au  hour;  and  in  that  Article,  and  the  pruviuua 
Articteu  219,  220,  and  221,  liave  been  explained  the  principles 
on  ivliich  the  efficiency  of  that  hcftting<imr&ce  deiienda  The  object 
f*f  Ibe  use  of  tuba  is  to  obtain  s  tarKu  hoating-mirface  within  a 
tnodemte  npAoe ;  and  thin  was  the  natiire  of  the  improvmnent  intro- 
rluued  by  Booth  and  StepbentMiu  into  the  ojut^tructlou  of  the 
heacing'fiurface  of  locomotive  boilers.  The  conrtruction  which 
inaarp-s  the  greatest  known  }it;fl.tiiig-aurf»ct?  rt-lutively  to  the  fnel 
oonmtmed,  is  that  in  which  the  b<til»^r  couNiBta  mainly  of  a  sort  of 
cage  of  vertical  water-tube:^  enclosing  the  furuaoe,  as  in  Mr.  Crad- 
dook's  b«:iiler,  where  there  are  fi-om  gix  t-o  M«  squai-e  feet  of  he*t- 
io^aurfaco  for  each  pound  of  coal  burned  per  hour;  and  the  efficiency 
is  aoGordingly  greater  than  that  of  any  other  boiler  which  has  y^ 
tiaan  brought  into  continuous  practical  operation  on  the  large  scale. 
(See  Article  234,  Kxample  IX.,  page  2^7.) 

Similar  proportions  of  heatiug-sur&ce  to  fuel  consumed  may  be 
ibttUncd  by  means  of  squiire  water-tubes  or  cells;  each  CODtaiuing 
hot  gan  tubes,  as  in  Mr.  J.  iL  Rowan's  boiler. 

The  svUionai  arm  qfthejlues  of  a  boiler  must  not  be  made  too 
),  \est  it  Rhonid  make  the  boiler  too  bulky,  nor  too  small,  lest 
H  should  caujte  too  much  refiistance  to  the  dnu^ht^  Ex|>erienoQ 
Imb  bIiowu,  that  a  sectional  area  of  from  one-jfjih  to  one-terenth  of 
the  area  of  the  grate  answers  well  in  practice.  Where  there  is  a 
bridge  conti-actiiig  the  entrance  to  the  flue,  this  applies  to  the  area 
of  the  passages  left  by  the  bridge.  In  multitubular  boilerrt,  the 
area  to  be  considered  is  the  joint  aroa  of  the  tefu)f«  set  of  iuht», 
which,  when  there  are  ferule*  at  their  ends,  is  to  be  meosored  i^itiVtn 
OyeJtTvieg. 

The  course  taken  by  the  current  of  hot  gaa  through  the  flues  anil 
tnbes  of  A  boiler  is  most  cnuimunly  from  below  upwardii  uu  the 
whole,  even  when  most  of  those  passages  are  hcoizontal  It  wha 
first  shown  by  Pedet,  and  is  now  gouorully  recognized,  that  a 
great  advantage  in  point  of  thorough  convection  of  heat,  and  oou- 
nequenUv  in  economy  of  fuel,  is  gained  by  causing  the  oourae  of  the 
hot  SBB  to  be  nn  the  whule  from  lAow  dowmo^rdt,  becaiue  then. 
tb«  aotteet  strata  of  tlw  furnace  ^18,  being  uppernuHt^  s^maii  ^Aura^ 
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■alvM  ont  above  the  dounr  nd  eoUo'  ^b^k  vUdb  or  facb«,l 
•0  dUFbH)  thoanlra  moR  anUacKdr  liiiiufcfciiiil  aD  iW 
thwD  thc^  do  wlwio  raaiia  io  aMHun  ftw  bolaw-.     TUb  i 
WW  pi»ctic»ll7  B^laBd  ui  tW  Etd  «f  Ihiwlii— VFi 
vhk£  MO  Aiticle  i3i,  EunpU  X.,  {■«■  SM^  aiB»  Aitkfo  SH| 
47fl. 

314.  TmkI  ■•<  ii«r«t»vc  H«uta«  ■■ifciM. — ^Tbe  lovcr: 
nr  nt«tl/  )ii>n»)i)tAl  Hiirfiuvn  (if  intcnwl  flaw  uid  tub^oviigl 
Uio  dilllnilty  witii  which  IrobUo  of  aUam  eanpe  frvn 
luunil  to  Ut  iniicli  Inm  ofTrciivr  in  prodtiGUig  sUmta  UfeKD  dMi ! 
Hixl  iipfxT  pnifucm.     It  U  thiirvfun*  common  aaaa^^  flogoiia] 
itiotr  rw(%u  Lbo  fof/if  luittiiig  uit&ioe  of  &  boiltf  bdJ 

(^  i::  Mtrl'iu'r.  rmm  which  Intur  the  ttottana  oOntettA] 

tlui't,  iiml  inir-j'uurlh  »f  the  mr&ce  of  each  cjlindrieal 
tuU'  itrc  rxdmloil.     l^ii  an  uvemgn,  tlie  cficctivo  hiTtrng  nrfMk'^ 
fh'tn  1  to  I  of  tlif  Uital  hmting  ttarfiux^ 

In  all  the  c»K-ti1ittioii.H  <>f  Article  S^4.  it  ts  the  totai 
whii'li  i»  O'lifiiili-ri'it 

Sid.  wuM»B**H  ■■«  »i««M-BoMB  aro  tliv  lumea  ^vm  to  ffe 
\-uhinH«  of  viit«r  ainl  8t*^^nl  n«[>octiTcIy  contaiT»>d  in  the  boilir 
when  tho  nirikce  of  tho  wator  is  at  it«  jimpvr  loeaa  lereL  Aatban- 
tiM  dlffw  M  to  tho  it-Uti%-r  |in)|xirti<>ii8  nf  water>roum  Mid  cteam- 
room  adopted  in  tho  pmcticc  of  the  most  skilful  engiiMm. 
Accitnling  to  Mr.  Bouruo,  of  the  whole  boHar-roomy  or  tatenMl 
oaiAoitjr  of  the  boiler,  there  ara  very  nearly 

}  wmter-rDom,  and  \  stCBtn-room. 

Aooonling  to  Mr.  Robert  AmtstroDg,  there  are 

\  irmtcr-room  and  \  afcoam-n>om ; 

and  Uiat  author  oonadatB  that,  with  a  lea  {iroportion  of  steam- 
Uwre  ia  rink  of  primmg,  or  carrriog  OT«r  liquid  watvr  fiom 
boilor  to  tiic  crlintler. 

A  wUndriaal  h>Uer  is  omallj  filled  witli  w^ter  to  thcw^o 
of  its  aaiMh  or  thmabouta. 

!%«  pmcticp  nit^  ri^gard  to  the  ahaolnte  capacity  of  boEkn^ 
my  ninoK     Acnuxlittg  to  Mr.  Bohert  Axmstrong^  tliAt 
ttu^tl  it.1  W — 

iV  «a<A  emhkft^  ^mokt  ■■fiiiiHiif  ptt  ktmr, 

S^mm-toent ]3|  cabk  feeL 

WatVNXMMM, n] 

ToUl  tmUci^KKHi^ »T  ^ 
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The  number  of  cubic  feet  of  water  to  be  effectively  eTaporated 
ptT  hour  in  u  given  engine,  per  indicated  horse-power,  is  giveu  by 
tliti  formula, 

198000U 

62iU  ' ^*-^ 

wbere  U  is  the  work  of  one  lb.  of  atenm,  found  by  the  methods  of 
Chapter  IIL,  Sections  5  and  6. 

A  uiicful  luixlc  of  oominiriug  the  capacities  of  different  boUera 
is  to  (ii\i{|fi  the  boitpr-room,  in  rubic  feet,  by  the  area  of  heating- 
sarftux!,  in  sipian:  fcrL  TIiiih  in  obtiiined  a  sort  of  nwan  liepth  in 
feet,  analogous  to  tbi;  hydraulic  mean  ile{ith  of  a  \y\\H\  Of  the  fol- 
lowing «xainpleH,  the  first  thn*  are  given  on  the  authority  of  Mr. 
Fairl»irD'B  "Useful  Information  for  Eugincora :" — 

'■  Meu  depth." 
¥t»U 
Plain  cylindrical  egg-ended  boiler,  with  external 

tfluea  below  and  at  each  side,  but  no  itiu-nial 
flues, „ 
Cylindrical    boiler  with   external  flues,  and  one 
cylindrical  internal  Hue, 1-65 
Cj'Uiidrical    Ujiler  tt-ith   external  flues,  and  two 
cylindrical  internal  fines, l-oo 
BtiUionaiy  boilen  according  to  Mr.  Robert  Arm- 
strong's rules, 3-00 
Multitubular  marine  boilers,  about o'go 
Locomotive  boiters,  and  boilers  oomposed  of  wat«r- 
tubes,  average  about O'lO 
Boilers  of  targe  and  «ma]I  capa<?ity  have  each  tJieir  advantAgAs. 
favmir  of  larg«  capacity  are,  stciidiiicss  iu  the  pnswure  of  the 
Bt-                          -itioii  of  impuntivs,  Apaoe  forthecoUectionof  sedi- 
ni'      .                   :  -u  priming.     In  favour  of  small  capacity  are, 
tnpiil  r.ii-iii)g  ut"  the  t-t^im  to  any  required  pressure,  small  surface 
for  waste  of  heat,  economy  of  a]iace  anil  weight  (which  are  of  .'ipecial 
importance  on  [>oard  -sliip),  git-ater  strength  with  a  given  quan- 
tity of  material,  smaller  damage  in  the  event  of  an  explosion. 

lo  Iwilers  of  veiy  small  capiuity  io  proportion  to  ttieir  ann  of 
brnting  surface,  especially  those  compoiaed  of  small  «ater>tubes,  it 
IB  desirable,  and  in  some  cases  necessary,  to  work  vith  distilled 
VBter,  in  order  to  avoid  the  priming,  the  choking  of  the  water- 
i^Moes  by  salt  or  sediment,  and  the  consequent  buruiug  of  the  iron, 
'  which  would  arise  from  the  use  of  water  containing  salt,  mud,  or 
^'oUier  impuritiea.  For  that  purfiuse  mr/aix  miuimmition  must  be 
'  rmployed,  which  has  already  been  tn^ited  of  to  a  certain  extent  ir 
Article  222,  and  will  be  further  considered  in  the  aec^u«L 


464 


BTZXM    AKD   OTUEB  HEAT   KMOIXKB. 


316.    Vm4    m»*     Bl«w<-   Ait^WBOM— »M4tBF-Ki 
pyspib — The  feed-puinpH  aw  worked  hy  the  eD^ne  it«elf  \Hien  it  b 
irt  motion;  but  when  it  ui  utanJitig  still,  and  it  lieooaitis  neoenu^ 
Uj  fc-ed  the  boiler,  they  are  driven  either  by  hAad,  or  by  ■  somII 
ftiixiliarr  engine  called  a  "Donhri/"     Forall  luanue  boile»  of  cod- 
aidcruble  Hize,  a  donkey-engine  is  necesKoryj  and  it  is  lued  Boi! 
merely  to  feed  the  boiler,  but  to  driro  the  8tarting  and 
gear  of  tlic  valvea  when  required,  and  perform  other  mi 
dutiofl.     (As  to  Inyxtorat  set-  ii»ge  477.) 

To  provide  for  leakage  of  wuter  and  stoim,  primings  bloi 
;md  loiu  by  the  safety  valve&,  the  feed-pump  of  a  land  engiite* 
!«  of  mich  capacity  tu  to  discharge  from  douidc  to  two  and  \ 
timet  the  TUt/mi-toater  rcquirod  by  the  engine  according  to 


Article  284,  Equation  10.  page  3S9, 
Article  2S7,  Gqimtion  17,  page  401 
or  Article  207,  Equation  12,  page  434 


:} 


as  the  case 
may  bu. 


In  marine  engimtfi.  a  further  addition  to  the  c^iacity  of  the  hfi-\ 
pumps  must  be  made,  to  provide  for  the  brine  which  is  blown  off ' 
pumped  out.    Ordinary  hca- water  contains  abont  aV  of  ita  weight  < 
salt.     The  brine  in  the  lH>iler  should  never  be  allowed  to  rise 
trebh  that  strength ;  and  for  tlint  purpose  the  volume  of  brine  < 
charged  should  be  equal  to  ludfthe  wJume  of  Ute  net  ,/W-icDir.j 
But  it  IB  better  still  to  provide  that  the  brine  in  the  boiler  »k  ' 
never  rise  above  double  too  stzvnctli  of  ordinary  aea- water;  and 
tliifl  purpoee  tfao  brine  di8chat;ged  should  bo  equal  to  /Aa, 
tn  uNUflitf.     The  result  is^  that  the  dischftTging  capaci^  of  tho 
pnmps  of  a  marine  engine  is  made  equal  \xyJrom  throe  tofoitn 
tiie  volume  of  the  net  fmi-tcater.    There  is,  bemdee,  a  duplicate  i 
feod-pum]^  in  order  that  if  one  Iveaks  down  the  other  may 
naed. 

As  to  the  effect  of  salt  in  water  on  its  boiling  point,  see  Ai 
206,  l)i\Tflion  Vtll.,  page  242. 

Tlie  brine  is  discharged  at  a  temperature  on  an  average 
ISO"  higher  than  that  at  which  the  fccd-wator  ia  drawn  fi 
hut-welL     In  order  tlmt  the  apparatun  of  tuboa  antl  casinc 
mentioned  under  hcatl  IS.  of  Article  305  may  HCt  with  the  t, 
posaible  efficienc?y  io  transfiTring  he«t  fivm  the  hot  brine  to 
feed-water,  it  a|i|>ear»,  by  the  application  of  equations  6 
Article  219,  tbat  the  surfncc  of  the  tubt-a  vhould  amoant  Uk\ 
f  jth  of  a  gquare  foot  per  lb.  of  brine  diecharged  per  koter; 
eqttareftad  per  eufrkfoot  of  brine  ditcfiuryed  yer  hour. 

It  may,  however,  be  aometimcA  difficult  or  iDOonvcsuent  in] 
tioe  to  obtain  so  hirge  a  surface. 

317.  SmfUT  it*\iM. — ^%«e  -(iiwa  K.Te*:vA%,  \13.\ — It   is  ©oi 
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lie  thftt  one  at  Itsut  of  the  safety  valves  of  a  boiler, should  ba 
led  directly,  aud  not  through  thu  modium  of  u  lever. 
In  Btatiooary  engines  the  loml,  whether  applied  thmugh  a  lever  or 
the  valve  directly,  oonsLsts  usually  of  weights;  aud  weights  are 
for  the  same  purpose  in  niiirine  engines  olaoi     In  looomotiTeB, 
oacillatiuuH  rettdur  weights  iuapplicalile,  the  load  Is  applied 
;h  a  lever,  liy  means  of  a  spiral  (ij)ring  contained  in  a  cylin- 
Due,  like  tlmt  of  the  indicator  (fig.  IG,  puge  47).     One  end 
apring  is  attached  to  tho  boiler,  the  other  to  the  levei*,  by 
vS  s  rod  whose  eOective  leugth  can  bo  adjusted  by  a  scrvtrj 
,t;  an  index  pointing  to  a  m^c  marked  on  the  case  shovra 
ion  exited  by  the  spring.     This  mode  of  loauling  id  now! 
tly  adopted  for  the  valveij  of  marine  boileni.     A  valve  may 
loofled  directly  by  means  of  a  spring. 

Nasmyth'ft  safety  valvo  is  a  sphere,  aud  has  a  load  hnug  to 
le  Ott  boiler.     Mr.    Fairbaira   loadji   the  safety  valve  by  a 
_  it  and  lever  iuBidc  the  iKjilor.     Feed-water  heaters  (\)age  262) 
Dnld  have  safety  valven  and  preisnre  gauges. 
Xhe  rules  foUowiMl  in  practice  for  the  size  of  the  oriGce  of  a 
Ssty  valve  arc  very  varioaji.     Tliat  given  by  Mr.  Iloume  is  cqui-' 
limit  to  the  foUowm^: — Let  A  be  the  area  of  the  piston;  V,  it<J 
locity  in  /set  per  minuie;  P,  the  exc«m  of  tho  pi-eesure  in  th«j 
oler  alxivo  that  of  the  atmosphere,  in  Ib&  on  the  aqoare  inch. 
si  a  be  the  required  area  of  the  Fafety  valve;  then 


a  =  A 
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nearly. 


.(1.) 


■  mode  of  determining  the  size  of  the  orifice  has  reference  to 
I 'of  consumption  of  fuel,  and  cnndirtii  in  making 

I  winare  inches  =  from  ti  to  Vn  of  the  number  of  Ihn  of  oual 

burned  per  hoar (2.) 

role  is  applicable  to  boilers  In  which  the  weight  of  wat^r 
ly  evaporated  \ter  lb.  of  ooal  is  about  ti  lbs.;  consequently  we 
substitute  for  it  the  following: — 

in  square  iuches  =:  fi-om  tt7  to  tK  of  the  number  of 
lbs.  of  water  actually  evajwrated  per  hour (3.) 

ither  rule  is 
a  a  I  sq.  inch  x  nnminil  horse-pover  (see  page  479),. ..(4.> 

As  to  the  uutiluw  of  Rteam,  we  pages  398  and  xiv. 
318.  fltcd  Uuum. — Ufcent  improvomentfl  in  the  uiam 
b1  have  so  fiu-  diuiiuiahed  its>  cost  as  to  render  it  cob 

2u 


WftSktmd  for 

14  timm  tbu  of  im;  ud 
0«M  ^mgik  — y  W  and*  vbc&  fi^Msr 
^ rttd  iliiii  ii.''WittdTOwrii^'" 
A  Oil,  th»  JmD  oTlte  boacr  b  mA 
rifTHfc  Ii  ]m«  to  wttliAud  ft  wwlai^  pnMRc  ^ 
tWwiMii  iadi:  wldeHstUdUMtoifto^fAsackOT 
thu  I  of  Um  lUdomi  of  as  inia  Imhr  of  dh»  i 
31».  p.«rti«  ■■■■■  Pdlwi  aay  fcoOv  a 
^m^H  tu  be  tcptod  lif  mrwn  if  ABsnmnv  cf 
MBMk  TliciairfiMif  i)iwie(MtfoiiluM  totto 
&»  Md  aO>  Aoold  l«  Ml /«  aLw  db«U>  «W 
wf  Man  AUk  Aa^  fib  Iwrth^  prtmrnn;  tius  ii  to 
Voritiay  pnamn  ihodd  be  mx  timee  tb?  waking  p 
tnttttg  [«— nre  diooU  b«  Iwtvtvn  twice  and  time 
lag  ytummi.  About  lw»  and  a-hat/timix  the  woifcing 
«  good  moilitun. 

In  ewrjrtliing  Uat  rebtaa  to  the  vtrrogUi  and  ta^ 
tb«  "jpwffift"  b  to  be  ondBntood  to  meou  the 
Mm  wOAm  <Af  Acn^s*  aboet  Ae  ofmv^pAerie  ywaw fi,  i 
304. 

The  proMon  of  wmter  ta  to  be  naed  in  testing  boflec^ 
the  aljoeuoe  of  danger  in  the  erent  of  the  boiler  giving 
320.  ■'■iiiiiiai  of  lUam  boilera,  ao  £u-  aa  they  are 
■rim  and  arc  to  be  prevcotod  in  the  following  nuLoner: 

I.  Fn)tn  oiiginal  veaknesa.    This  cause  is  to  be  ob 
atUmtiuii  l^j  \\w  laws  uf  the  olrvngth  of  matori&ls  in  tbi 
and  ooiutruclion  of  the  boiler,  and  by  testing  It 
is  «ubj(>ctod  to  steam  pretoure. 

II.  Prom  weaknen  nodnced  br  gnulaal  oorranon 
turiiU  of  wliich  thn  boiler  in  nuua     This  is  to  be 
frequent  and  oin-t'iil  iuxpcctiou  of  tho  boilnr,  and 
parts  nxposod  to  tl)i>  <lin.>ct  aodoii  of  tliu  fiiis. 

III.  From  wilful  or  oceii-Icut^il  ohsmiction  or  orerlofk 
Haloty  valve.  ThiH  in  to  lie  obvinted  bj  bo  ODostmoJ 
vtUvm  w  to  be  iiiw)iiib]o  of  occidvntal  obstruotioD,  and 
at  ]t<a)(t  one  ufety  valve  on  each  boiler  beyond  the  ooni 

I'llfpUOIIlUII. 

I V.  KiYim  tlio  iiuddon  production  of  steam  of  a  pram 
ttiuii  tho  Itoiler  can  iNMir,  in  h  quiiuiity  greater  than  die  a 
<vn  ilJiwIiar}^.  Thr>re  in  lunoh  difference  of  o}iiDiou  as  to  a 
ttf  di'Uiil  iu  (he  maQut.T  iu  wliich  this  |ibonompnoa  is 
but  tliuRi  oiui  bo  uo  doubt  that  its  primary  causes  are- 
owHitwting  ofa  |Mirtkin  i>f  the  plates  of  the  boiler  (beij 
oaao*  that  jHM-Uun  vullod  the  crotcn  (if%K$Jwnaot,  wiiicb 
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firo),  so  that  a  store  of  beat  is  accumulated — and,  Koocdly, 
en  contact  of  siioh  overheated  plates  vitb  water,  so  that 
it  atured  uji  is  snddenlj  expended  in  the  produt^on  of  a 
tity  of  steam  at  a  high  ]ireAa\ire,  Some  engineers  hold, 
rtion  uf  the  plates  can  thus  become  ovin'hcaled,  unleaa 
of  the  siuface  of  the  water  sinks  so  low  as  to  leave  that 
of  Uie  plates  above  it,  and  uncovered;  others  maintain, 
Boutif^ny,  that  when  a  mL-tallic  surface  is  heated  above  ft ' 
elcvatM  t*mp<?ratiin>,  water  is  prevented  from  actually 
,g  it  either  by  a  direct  repulwou,  or  by  a  film  or  layer  of 
vapour;  and  that  when  this  hits  puce  takeu  place,  the 
being  left  dry,  may  go  ou  acctimutating  heat  and  rising  in 
,ture  for  an  indchnito  time,  until  some  agitation,  or  the 
tctioQ  of  cold  wftter,  shjill  prr>diice  contact  bctwct'u  tlie  water 
.e  plate,  and  bring  about  an  exnloaiou.  All  authorities, 
r,  ani  a^nx-d,  thut  explonions  of  Huh  clatvi  are  to  be  pro- 
by  the  following  tneAns : —  1 .  lly  avoiding  the  forcing  of  tfao 
hich  uiHke»  the  WUer  produce  steam  faster  than  the  rate 
to  ita  tare  luid  fnirf'ace.  3.  Dy  a  regular,  constant,  and  suffi- 
aapply  of  fei-d  water,  whether  rt^ulated  by  a  self-acting 
or  by  tiie  attention  of  the  engineman  to  the  water 
;  and  3,  Should  the  plates  have  actually  becume  overheated« 
ining  from  the  sudden  introduction  of  feed  water  (which 
Rtld  inevitably  produce  an  explosion)^  and  by  drawing  or  extin- 
isfaing  the  tii-es,  and  blowing  ofi*  both  the  steam  and  tbo  water 
m  the  boiler. 

S21.  luHwii  Dcp«Miia. — Boilera  aiTJ  liable  to  become  encrusted 
ode  with  a  hard  deiKMit  of  the  mineraU  contained  in  the  water, 
tich,  by  resLsting  tlic  oouducliou  of  heat,  i]n]Ktirs  at  once  the 
■taKHtive  TKiwer  of  the  boiler,  its  durability,  and  ita  safety.  The 
^^^tion  of  carbonato  of  liine  can  be  prevented  by  disiuhing  sal- 
imoniae  in  the  water;  ftir  thitt  silt  and  the  cai-bouat«  of  llmo 
B  mutually  deoompocted,  producing  carbonate  of  aninkonia  and 
loride  of  calcium,  of  which  both  are  soluble  in  wattr,  and  the 
oner  is  volatile.  The  deposition  of  sulphate  of  lime  can  bo  pro* 
nt^nl  by  dissolving  carbouule  of  soda  in  the  water;  the  products 
dug  sulphate  of  soda  and  carbonate  of  lime,  of  which  tho  former 
•oluble,  iind  the  lullirr  iiill»  down  ui  gniius,  and  docii  nut  adhere 
I  the  boiler.  The  most  oflectual  meaiiH  of  preventing  internal 
lOntstatiou  are,  either  a  regular  »yHt«m  of  blowing  off  the  watcr^ 
it  becomes  too  highly  charged  witti  impuritifvi,  like  tlui.6 
in  Article  31(3;  or  the  utic  of  water  so  pure  as  to  yield 
t;  whether  such  wutcr  be  obtained  &um  a  ualuiul 
\f  means  of  surface  condensation. 
A  peculiar  de/>oait  of  au  unctuous  nature  luis^)ceulau'D&* 
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tiie  wmtor  tptce§  al  UM-boUers  of  sDiue  d  the  ■**£****■  in  wbui  i 

fiuw  eoodaMXicm  luis  beeu  mnployed.     Thnt  deposit  ouuiui*  tf  1 

ffKAM  or  oil  osed  to  lubricate  tiie  cylinder,  partially  alt«n4i 

decompoaed.     It  mn  lie  obviated  by  introduciug  liUlo  orao ,_ 

or  oil  inU)  the  oylinder;  and  to  nmke  tlmt  jmurti cable,  tbo  Gntivl 

of  oontHt  between  the  pnckingof  the  pistou  and  the  interinrtjf  ikj 

^Itnder  niut  be  labncated  with  mter.     Id  order  that  % 

^H     quMitity  of  mter  mav  remain  in  the  cylinder  in  the  Ui{iud  «MJ 

^1     lor  that  pnzpow,  the  heating  of  the  9C«am.  whether  bjr  iDcaat  rf*  j 

^^      aapvfaeating  appttintiu  or  of  a  stuun  jacket  roond  di«  CTtiiub; 

I  mttft  not  be  canicd  bo  fiu  aa  whully  to  prevent  condeofliitian  b  tb 

H      cylinder     On  this  point,  aee  Article  S»6,  page  396. 

^V  33S.  An  Ssi««al  Cnaa  of  a  carbonaceons  kind  is  often  d«fndnd 

from  the  flame  and  emoke  of  thv  fuiiiaccs  in  the  fluea  and  tulok, 

^^       and  if  allowed  to  aoouniaJatei  eericuxly  imf«ir«  the  eoonoDiy  of  fiai 

^H       It  is  nmioTod  fmni  time  to  tiuo  hy  mitius  of  acrapcEte  and  win 

^m       brunhcts.     The  accumulation  of  this  crust  is  tho  pn»jatde  otmedll 

the  iact,  that  in  aonu  8teain4hi|»  the  cousuniptiou  of  ani  p* 

^—^      indicated  hone-power  per  hour  goes  on  graduallT  incrmstn^  oo^ 

^H       it  reaohn  one  and  a-half  iu  origiuol  amount,  and  sometiineB  nuce 

^^       The  following  is  an  example  of  that  iucruafco,  from  an  oooaa  iteHnar 

of  graat  site  and  power:— 

>Co«l  pw  L  U.-f*, 
pwbow. 
Lba 
L         On  trial  trip 3.5 
I          On  iBt  day  of  vc^agc, 3-6 
I          On  0th  day, 4-68 
■         On  nth  day, „ 4-53 
■          Ou  26Ui  day, „ »»..«.     $'$2 
W         On  30th  day, 5-84 
I         On  S2d  day. 4-63 
■         Ou  33th  day, 610 
The  increaae  in  the  conaumptian  of  fuel,  although  not  abaolntch 
contiuuDus,  tmd'  sometimes  even  rerented  to  a  small  extent,  is  ral 
sudicicntly  niarke*!  to  prove  a  progressive  falling  off  in  Uie  dllckacgr 
of  the  fiimaoe  and  boiler. 

323,  ifMMivai  Danc-vvwcr  vf  BoUciw. — Boilers,  especially  thosB 
of  stationary  engines,  are  eomotimos  stated  to  be  of  so  niany  Aon*- 
jHmxr.  Tlu»  h,  m  fact,  a  cotiveutioual  mode  of  describing  the  dime*- 
mane  of  tho  boiler,  aocording  to  an  arbitrary  rulev  The  rola 
employed  fur  estimating  the  uominal  honw-jiovrer  uf  boilera  bare 
bcL-n  various,  and  mM^.gf_them  vagne  aiid  indi-finit*!.  A  pcrfecllf 
definite  rule,  ho w^*^  -  -^n  projMscd  by  Mr.  Robert  Armatrong. 
us  being  founded  '^liniirj'  pi-aotioe,  viz. : — ■ 
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TaJte  a  maan  proportumal  b^uxen  the  ana  oftkajirt  gnUe  in  aqtiare 

and  the  arta  of  the  ^ecttve  fteating  mr/ace  in  square  yarde. 
[The  nominal  honw-pover  of  the  boiler  ia  generally  much  less 
the  intlicatod  hor»ti-power  of  the  uugiae,  to  which  it  bean  do 
proportioD. 

Section  2. — Bxampiea  of  Furnaces  and  Bmierf. 
[321.  WmnoM  B«ii«r. — This  foim  of  boiler,  which  u  Hoitable  for] 


Ft(-   1 10. 

pressure  st«am  milr,  was  introduced  by 
lulton  uiid  Watt,  and  was  lor  a  long  time 
)e  moet  genemlly  xtwd  of  all  boilt-ra.     A 
it   naraW  of  wagon  boilera  Are  aclll   in 
bnt  as  their  muiiufuctmre  has  been  almostr 
not  wholly,  given  up,  they  will  probably 
ippeftf  by  degrees. 
Pig.  116  i»  a  longitudinal  section,  showing 
_Uie   geuenU    amiiigc-ioont  of  the    princi)j(t] 
of  the   boiler;    fig.    117  ft  croaa- 
A  IB  the  grutu ;  B,  the  boUet ; 


Fi£.  in. 


4rft 
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(\  C,  Or  C\  itex-nMU;  D.  Uie  bridge;  N,  Hf,  flve^    HmJ 
(uTTMce  gM  procMdri  from  Uu^  funuce  orvr  the  farid^s 
wKnb  wSmg  tlw  flat  b«l«jw  the  Uailcr;  it  returns  forv 
MIC  of  UMwtoMl  floM  N,  aDil  agun  pmooettA  Wckvuib  «ba|l 
ntlwr  blml  flno  to  the  chimney.     This  oonise  of  tlw  Ixit 
ailM  4  irfiil  rfrwiijU    In  the  6giire  the  boiler  bu  do  int 
■ftBi>tiMW  tkon  ii  a  ojluidnmrint'Tnal  fiae,  klong  which 
gM  rvtnro*  forwArd*,  and  thea  divides  into  two  curreatA, 
Iif\>cv>rd  hftckwardfl  to  the  chimney  tdoag  the  lateral  fin* 
laXhd  •  tptit-dnhtg/tL 

W  ana  S  am  watarnngc  cocks ;  M,  Uie  man-hole ;  I.  iht 
fl^i  y,  tlw  MAtf  Tuve;  F  ts  the  stone  float,  partiidlT  en 
powxl,  whoH  xUng  mnd  fiJltug  irgulatea  the  •nlve  for  ibo  idi» 
MOtt  of  tKe  llt«i|-wat«r.  The  oolumu  of  water  in  the  vprtickl  M 
npe  in  tltoM  old  low-{«eviirQ  boiten  acta  as  a  prenore  gstige,  ud  « 
■oat  HA  the  Mufiue  of  that  oolanin  is  men  to  be  connected  bj  i 
onr  a  paOpqr  with  the  damper,  whone  o|>emng  it  rcgulitn 


I 


3SX  cm  "i  ii  a  wtwrn*^***  ■■!!—— This  i:Wler~oouiu«ti najij 
of  a  cjrliadnaU  ahi-11  with  hcmi^hetictl  <Mt 
Its  figure  is  tttj  favoiu«blo  to  strongUi  lu 
nfiety,  with  a  high  prennre ;  but  it  nqiun» 
great  length  ss  com|>anMl  with  other  uw«> 
to  gin  suffideDt  hratJDg  Kiirfkoe.  In  Uwow 
seetioo,  Bg.  118,  A  is  the  gratt!,  oocnp^n^ 
a  kngth  whicli  ought  not  to  exoeexi  abootili 
tttA  under  the  front  end  of  the  boilrr;  B,  llix 
iRiUer;  D,  the  bridge,  maile  ooncnve  st  th- 
tep  ■>  ai  to  be  paiaUel  to  the  bottom  ai  lb' 
boiUtr;  K,  K>  the  flnfe,  through  whiefa  the  tut 
|pn fanw a irilurf  A^njlt.  u in  Article  334. 

tUi  hoder^  Hlc»  the  wacim  l)oilt>r,  is  somHimea  made  with  ai 
iMfmsl  flm^  br  which  the  defieicncT  of  beating  surface  ooropsnd 
withcycity  is  to  a  cvftain  exutxt  made  q{x 

A  wnaw  (Mwi  of  th<>  orlindrical  boiler  with  the  famaee  heifm 
i%  k,  «ha  the  bottoai  of  the  boiler  whc-re  sediment  collects  u  tbe 
paH  <iH<«»J  to  the  idosI  infeen«e  htwt.  Unlmu,  tht-ntfon^  the  water 
yd  b  of  MKViMUKm  purity,  the  bottom  of  the  boiler  is  lisble  i» 
llWU.  Cylindrical  boiier* arv  aametiuies  made  withont  lHt<'nil  dun; 
Ae  ho4  fM  Aowiw  slnught  along  the  bottom  of  tho  boiler  froio  ih« 
ftnoM  to  the  i£tiMM7.  This  wiangeiDeDt  is  oalled  a  "fls^ 
flva."  It  rNivitv*  a  greater  length  for  aginn  ***■**-£  snr&oo  thtt 
W  ethar  fora  of  UuW. 

U&  mmmn  ■■■— w — This  is  the  nsma  given  hy  Mums.  Dmut 
•  RaMH«l«y  to  a  bniW  introduced  by  them,  in  order  to  oirtain  ih* 
■tatwglh  of  Ihe  cylindrical  <>gg-cnded  boiler,  without  its  dlsadva*- 


RETORT   BOILER — BOILER   WITH   HCATEHa 

in  point  of  compactness,  economy  of  fuel,  and  durability.  It 
uts  of  a  nomber  of  small  cylindrical  egg-ended  shetU  l&id  Bide 
ide,  )iam]lel  aod  horizouUiUy,  above  tbe  furuace  and  flues;  theae 
Bin  water  to  about  threo-quanera  of  th«r  depth,  and  in  them 
boiling  takcfl  place ;  tbcy  all  cumiuunicate  upwards   with  one 

cyliudricAl  egg<endod  shell  which  acta  aa  a  ftteara  ohesfc.  and 
w  with  another  which  uurvcs  aa  a  sediment  collector. 
27.  CrUmdwiaa  B*iin-  «Htk  Bratm. — lliis  in  called  in  Britain 

French  boiler,"  trora  being  mach  uaed  in  France.     In  Fruica 

called  "  cbaudii-ro  k  bouUleurs."     Fig.  IID  shows  a  loogitudU 


tioD  of  the  fun^Hce  and  Sues,  and  aide  elevation  of  the  boUor; 

[.20  shows  a  cnwi-aection  of  the  boiler,  furnace,  and  flues. 

lis  the  main  boiler  shell,  cylmdrical,  with  homiijphcncal  ends; 
the  heaters,   or   "  bouillcui-a,"  being  huriKiintal   cylindri< 
of  SQiuIlcr  diameter  tlmu  tlie  ouun  idiell,  having  their 
ends  homis{iherical   or  a^niental,  and   their  forward  ei 
by  coven,   so  as  to  serve  as  "  mud-holen  "  for  the  clc 
It  of  sediment  when  r«iiiired ;  C  0  C,  C  C  C,  are  two 
tu^jes,  which   connect  the  maru  boiler  shi-ll  wi|' 
D   is  a  burlzontal  brick  partition,  at  the  levul 


srsAV  A!n>  OTHER  nxAT  csoivn. 
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hpntm;  E,  Uie  furnaoe ;  P  (Hg.  IX))^ 
ridi;o  from  the-  fumuoo  lo  Uie 
Tilt'  HpAce  Kbov«  the  horixoat&l  { 
ia  diviilrd  W  two  pandlet  t)nek 
occtip>iiig  Uie  intfrrvnls  of  the  tvo 
Tertiml  tabes,  into  three  panillcl  flues,] 
1.  U  the  ehimiM))' ;  M,  the  dAm|ier ;  d\ 
gtftis  watvr-guig*  iu  front  of  the  boUer. 
the  top  of  the  iqaiq  shell  are  smo  the: 
hol«,  safetT  TulTes,  and  other  &ppendag« 
%.  1 19,  at  the  Ixick  of  the  rnmoctf,  b 
DTU}  of  a  row  of  curved  ]j«f«(igeB,  opened 
doted  by  a  sliding  rah'e,  for  adnutoog  j«tt4 
air  alxtve  thu  fiml  thrrmf^h  boleti  in  the  ixfA 
nf  the  hridge  ;  at  the  frvnt  nf  tho  fhrnAott, 
swii  H  dead-[>]ute. 

Thp   flnme  and  hot   na  pun 
ilirou;,'h  F:  then  forwaras  throngh  Oj 
by    a   "  ftiilit-dmn^t,"    backwa^ 
tho  lAt4;nU   fluM  H,  H ;  and  then  to 
ohimncty. 

This  boiler  ii  otmndertKi  both  nfl>  iri 
efficient.  In  Fnmce  tlie  beaten  *xA 
uwtiii^  tubes  are  often  sudv  erf  ea«t  inn] 
in  Ilrituin  that  nutterial  is  oonaidered  ne 
for  N>ilera. 

32H.    Th*  ciMiiii*  m^ifv  in  its  eimt 

form  onnasts  of  o  liuriKuutal  cyhndrical  shell  B  ffig.  121),  «it 

tnteniil  cylindrical   flnr,  whose  diaiuetiT  is  ^ha  of  that  of 

sheU   or  thervHbouta.     In  the  front  end 

tliHt  flue    in   situated  the    iutemal  fu 

of  whioh  A  id  tho  grato,  and  D  tlie  hrid^ 

The   e\.t<TUHl    flues  may  bo  amuigud  cithtr 

for    a    split- it nuight    or    a     «-he<^-dniuj^t 

The   fi;,*!!!!!    ahowH    the    arrungemtmt   ftv  ■ 

apHt-dmught      The  cum-nt  of  Aunaoe  pn 

after    having    pnssed    Iwckflranls    ovt-r     '.i 

bnclg(>  and  along  the    iiit<>timl  flue,   •!' 

iHto  tvo  ■tmTnH,  which  poxH  fnrwards  along  the  side  tiut^  i^  K 

^n tkw*  stivams  re-iiiiiu>,  tind  [«3s  bookwards  along  the  U<;t -r:. 

Ah  F  to  ttu'  chimney.      In  this  form  of  boiler  the  furnace  gu 

^HB  »  Aswiiding  course,  of  'wliieh  tho  ad^'antftges  have  li«n 

^^j  -—  j^jtidlM  220  and  313;  the  bottom  of  the  boili-r,  whtir* 

^  fcii-i'^  *"^  mingl'-'s  with  the  rest-,  aud  where  dejKixit  t**(»l» 

w  tlM  coolest  JlHl^  ^oA  the  hottest  portion  (Uw 


ni.iii. 
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BOILKB — DOPBLE-rCHXACE  DOILEa 

WB  of  the  fiirnftoe]  in  near  the  sntface,   wliere   the   steun  is 
en  oS.     AU  these  circumsUnccv  aru  favourable  to  durnliility 
eoDuomy. 

crowD  of  tlie  furnace,  wid  a  pcirtion  of  the  top  vf  the  flue 
nrl  the:  bridgp,  are  (wmetimes  UiuhI  with  a  brick  urcb,  to  prc^j 
I  Ihi!  dame  from  being  cooled  and  extingiiitiliLKl  by  ccutuct  wit 
:e  platen  of  the  boiler  before  the  oombuHtion  uf  the  coal  gus  is' 
mplete. 

e  part  of  the  xntemal  flue  behind  the  bridge  a  sometimes  made 
narrower  than  the  part  which  containa  the  fiiniac& 
Ctitlfrrs  of  this  chiKs  have  Ui  many  cai*-s  gi%'en  way  by  the  collape- 
of  till!  intfrnal  tine.     The  priuciplea  ujion  which  the  BtrcDgth^ 
that  Que  dvpi'iida,   diKuvered   by  Itlr.   Foirboim,  h&vc  been 
laintHi  in  Artirle  67,  pagP*  70,  71. 

"he  dotted  circle  C  r«prt^si-iits  a  heiter,  or  horiioDtal  water-tube, 

e  those  of  the  French  Ix^iler,  which  is  sometimes  placed  witbin 

iut«:'nial    fliio  of  the   Cornish   lioiler,  in   th^   part  Whind  the 

dge.      It  is  connected  by  one  or  more  vertical  water-tubea,  with^ 

o  wnt<T-Bpace  at  tlie  bottom  of  the  nmin  boiler,  and  by  a  siplion- 

,ped  tube,  beyond  the  backward  end  uf  the  main  boiler,  wiUi  tlic 

(A-tipaco  at  the  top. 

3S9,  CtUmMchI  i»«abir-P«nuiM>  B*»«r. — A  cross-wction   of 

ler  of  this  class  is  showii  in  fig.  122.     Tlte 

lorooDsiHtd  of  a  cylindrictal  shell,  withapair  of 

and  patnlkl  intemal  flues,  whom  uiame- 

is  iljtliH  of  that  of  the  sholl,  or  thereabout& 

of  these  flafsa  contains  in  itti  front  end 

intimal  furnace,  like  that  of  the  Cornish 

ier.     Those  furnaces  are  fired  alternately,  in 

r  to    promote    complete    cumbustiun,   as 

ted  iu  Article  230,  pigp  282.     The  external  flues  form  either  a 

heel-draught  (aa  ahowu  in  tig.  123),  or  a  epUt-draugfat  (as  shovu 

fig.  121). 

one  form  of  thia  boittT  the  two  intemal  flues  nm  parallel  to 
other  from  end  to  end  of  the  boiler.    This  pivvcDta  tiic  mixing 
the gaaes  from  the  two  ftimaces  until  they  have  ln-en  rtnitiidomhlyi 
* ;  end  to  remedy  that  deft-et,  in  .some  boilers  a  aerica  uf  trans- 
roe  tube»  Imve  btt-ii  iiitni(|iiC4-it,  at  and  near  the  hridgoa,  to  iu;ike 
early  coramiinicatiou  Iwtween  the  two  cun-enta  of  furnace  gM& 
In  another  form,  the  two  fluaa  unite  intci  one  at  u  iiihoi*t  di6taiM.j 
hind  the  bridges,  bo  that  the  entire  combinatiDn  of  flues  baa 
rked  shape.     The  combustion-eluiniber  where  the  fluee  unite 

fitimes  strengthened  against  collapsing  by  means  of  vei 
.ter-tubea  tiuvensiug  it,  and  acting  aa  hollow  pillars  or  atn 
the  top  and  bottom  asunder. 


Fi^.  122. 
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by  Mt   Ffttrfaum,   is  lik*- 

m  nmk,  ftr  Ibe  wig^  pact 

■d  iBH^  it  MllHateJ  a  ac*   «r   I 

Th»  aw  wictio*  of  At  tiro  fumao- 
ff^  19±  K0.  123  is  &  horiarimial  r 
fciJhi      A,  A,  an  the  gratoa;   By  B. 

Dj  D,  licid^ea;  F,  aiiring  rfiaiiilirir  or  fl-^ —  -: ^ 

r,  F,  frocM  tabs-plate;  G,  tabes;  U,  B,  back  tate> 
phln,  ai^  faaeLvard  end  ei  boiler.  Aeaanbaa  te 
tba  aaaal  ^mpatiioea  <if  tb»  bofler,  tbe  kngtli  «■  tki 
tabea  ia  abmit  iiiiii  half  aT  the  «at^  kuik  of  Ihi 
boOar:  It  ^  exteoMl  Am,  Bfa»  «kB  teas«<4i 
Ufit  Article. 

u  BUted  in  Article  SOS,  areof  adape 
it|TT"**f**"g  to  notaogokr,  vHh  the  coracra  nore  or  M 
n)«tB(fed,aiidtbetop»ac«orka»anlked:  atrewth  to  maiaiafar- 
aal  yataaw  iagyaphyitajBandribw.  BmIi  bouar  aaaaflT' oontaoi 
two  or  noniMtarBalfanMeii,of  aa  oblot^  reetai^alaralM{ie,oAM 
arched  at  the  top  alack  Thaae  fttroaem  aland  i&  a  nnr  within  ^ 
boiler,  near  ita  bottom,  Tbe  bridgea  an  aometiines  wat^ifan^ 
bat  anmam  gBMtallj  of  6re-farick.  The  remainder  of  the  tnteriar 
of  the  hoilM' iibaB,  op  to  within  aboqt  ten  ux^iea  or  a  foot  «i  dtf 
prop<r  water-levei,  eoatains  a  aet  of  fluat,  of  a  fono  of  aectaon  acarif 
vmi*»mgt*'lmw'  «ith  lovaded  oometik  Ouu  of  Uksc  flues  starts  ftna 
each  of  the  fuinaoas  and  talua  a  winding  coorae  within  the  boiler, 
aoooiding  to  the  jvdgmeBt  of  the  designer.  Flnalljf  all  the  fluB 
unitr<  in  an  aeeeoding  five  called  tbe  "uptake,"  which  leads  ta  tbe 
tidmatry.  Tbe  steam  cheat  la  oaually  a  rectangnlar  or  cjltndriea] 
box,  aometimea  with  a  bcBi8|iherical  dome,  enveloping  tbe  nppcr 
part  v£  die  aptake  and  lower  part  of  the  chiinney,  so  that  the  itaia 
wnr  be  dried,  and  in  auae  eases  partially  snpetheated. 

The  Tarietr  of  form  and  anaDgements  of  fines  in  marine  boika 
is  aoeh  aa  to  defy  cUesi&catiuu.  One  of  the  most  n'tDarkable  fucn> 
is  the  sfwial  fine,  winding  twmd  a  rertical  axis  through  the  water- 
•paor  aiHl  steaBi-s|«ce,  which  Utter  aaoeuds  to  a  ovDsiJi-raMe 
hejgkti  SK  ordir  to  dnr  aod  superheat  the  aseam  effeetuallj:  so 
uivanlMft  of  Sic;  John  ElUvr.  i^  dumneys  of  marine  hoilen  an 
aoMstiaiM  niade  to  le^thea  and  shnrt^^n  like  the  tube  of  a  telt- 
aeopc^  aa  that  IhtT*  am  be  lowcnd  srlien  tbe  reaael  ia  going  undir 
ail  only. 

3S3.  Jt—tei  Taa«hu^  ■•4iw» — The  general  arrangement  of  parts 
in  tbid  dsoft  of  hiMlfn  is  sliowu  in  fig.  134,  whieh  is  a  longitudinal 
voctiuo,  dkowiflg  OHf  ^nia||Ml|kita  floe,  tobea,  and  eommunick- 
iUiU  with  the  uptake  siiJ     "~^fc     Any  retjoired  number  of  sudi 


KARHrC   B01I.EB9— DETACHED-FCR5ACT   BOILCL 

according  to  the  breadth  of  the  boiler,  may  be  mngetl  nu 
fitfda  within  the  boiler.     A,  A,  is  the  grate;  B,  the  dead-pint 
.  ibe  a^-pit ;  D,  the  bridge ;  K,  the  rising  flue,  flamc^chamber, 
ek  uptake j"  F,  F,  F.  F,  the  tube-platee  and  tabes;  Q,  O,  tha 


[p,  having  doors  in  front  for  the  remo^-al  of  noot  and  other  dii 
for  acoeea  to  the  tubt>s  to  cleAnne  or  n^pair  thero;  H,  the 
iiuuta-y.      The  figiiro  showa  a  few  of  the  stay-roda  within 
bcilfr. 

In  the  figure,  the  tubes  are  represented  as  hf>rixoDtal ;  they  Rvti" 
howerer,  made  to  have  a  alope,  parallel  or  nearly  parallel  to 
fct  of  the  grate-barii.     The  height  from  the  furnace-crown  to  the 
sweat  row  of  tubes  should  be  siifficiiiit  U>  allow  the  spaoe  betwc-cn 
them  to  be  cleansed. 

Tlie  most  usual  diameter  of  marine  boiler  tubes  is,  as  formerlj^ 
nMmtioned  in  Artide  305,  threo  inches;  they  are  sometime-s  huwcvc 
tued  of  smulk-r  diameters,  ruugiiij;  down  to  Ij  inch  inti^mal  di 
neter. 

333.  DeMf  b«<a-FarBiic«  B*ii«i— Thii  has  already  been  ment 
in  Artifle  2:JH,  ]agt^  279;  Article  230,  pagp  283;  and  in  4i 
303,  304|  and  310,  pages  449, 4^0,  and  4.56.  Fig.  125  ia  a. 
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STEAK  A50  OTBCA  DRAT  EXOIMa. 


fwction  of  a  rlotiblc  furnace  of  tlus  kind^  used  at  SL  RoIIox,  «bora|| 
II  small  jMirtion  of  the  boUor;  fig.  136  is  a  crom-aection  of  Ouiw 
nace ;  &g.  L27  a  cnws-sectioa  of  the  bofler  rhiI  flucn.     Thi«c  dm  | 
fignice  are  on  a  Kale  of  lir  of  the  real  dimoiuiuna  ;  A,  A,  an  lb  | 


k 


rig.  1S&. 

de«d-plntes;  B,  B,  the  grates;  0,  the  briok  partition  betw^m  ih* 
two  grates  and  tlieir  aak-|>it8;  D,  D,  air-apaoes  in  the  brirl 
the  sides  and  roof  of  the  furnace,  to  mist  the  oonductioD  ..  .,-  ■ 
ft,  flame-chamber,  tapering  bo  as  to  join  the  iatemal  flue  E,  nf  tb 
boiler;  F,  F,  aidefluM;  U,  bottom  tlue. 

Fig.  126  ia  a  longitudinal  section  of  a  mouthpiece  and  drinl- 
plate,  gbuwiug  the  heap  of  dross  wtiich  acta  ob  a  frv 
door  (aee  Article  310),  and  the  air-hol*>fl  in  the  Tlijftw 
of  the  top  of  the  mouthpiece.  Fi^  U* 
is  a  front  \'iew  of  tiie  mouthpit-cc,  Aid- 
ing the  air-holea.  Thnw  two  6giais  iv 
on  a  sealo  of  Jr  of  the  real  dunenanoa 

In  some  of  Uie  Ixiilera,  the  itiU«d 
flue,  instead  *>f  trnvprsing  thr  boiler  fr* 
end  to  end,  is  of  a  T-«faapr  at  thr  Wfe- 
ward  end.  the  two  branchen  litailing  into  the  two  side  fliif^  P.  f 
In  ftthera,  thi're  is  a  lungle  cylindricji]  iJue  for  half  the  Ivuj 
boiler,  aud  a  set  •>f  tubes,  as  in  fig.  123,  page  474,  for  i 
half  of  the  length.  l*hese  forms  of  Sue  vara  introduced  by  Ut. 
John  Tennent. 

334.    niMrlbuM-oam  Forma  at  KmUer, — YarioHA   kiodl   of  botkA 

pnvieQting  great  dirersiti^a  of  form  and  arrangement,  have  alraai| 
lieco  iuciileiitaJly  mentioned  and  de.torihed  generiUy,  xuch  as  3fe 
Cmddock's  boiler  (ArticleH  303,  305,313.  315).  With  nSen^ 
to  thia  boiler,  it  mav  hero  lie  added,  that  tlte  vertical  water-tnba 
have  a  portiou  d\^X\^  t^irv*A,\».  oi^jst  "Oos^. -vben  ex^widtdV 


ng.  1X8. 


Fig.  129. 
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iemtj  tli«T  may  peld  sidoways,  and  not  utmin  tlio  framework  of  Uio 
toiler.  The  Earl  of  Duiidonald'3  boiler,  mentioned  ia  Ai-ticio  334, 
iple  X.,  conaiHta  of  a  sliell  like  tluit  of  a  uuinuo  duo-boiler, 
iBomewIiat  longer  and  lower.  Witliin  that  &heU  are,  tho  fur- 
the  iLune^diamber,  and  the  uptake,  all  at  tliu  taimo  ur  uuarly 
same  level.  The  flame  paeaes  fimm  tbe  Utp  of  the  fiinmoft  into 
top  of  the  tiame-chaniber,  which  ia  traversed  hy  a  gruit  number 
vertical  water- tutos;  from  tho  boUomoT  this  chamber  the  hot 
into  the  uptake,  in  contact  with  which  is  a  eteam  chest 
lunicating  at  ltd  top  with  tlie  top  of  the  boiler.  At  tho 
_  I  of  communication  is  a  oeutrifu^il  fiui,  bo  plaoed  a&  to  throw 
iMpny  that  U  mixeil  with  the  stcain  tvick  into  the  boiler. 

joDKnt  wrticul  tube  boileni  may  be  moutioHL'd  one  of  Mr. 

id  Napier*F,  which  has  been  used  to  Bome  extent  in  practice. 

ahell  is  cylindrical  and  vertical,  with,  a  hcniiapherical  top. 

it  is  a  vertical  cylindrical  flarae-chamljer,  and  within  the 

iber  are  nunici'oua  vertical  water-tubes,  communicating 

witJi  the  steam  space  at  the  top  of  the  boiler,  and  below 

u  flattened  hollow  disc,  or  "  pan,"  which  is  above  the  fire,  and 

innected  by  horizontal  tubes  wiUi  iho  surrounding  annular 

space. 

loeomotiw  boiler  will  be  illaBtrated  in  tho  next  chapter. 

AsDENDtJu  TO  AnTicui  306,  Page  457. 

'  r*r9ibieral  OIL — ToadApl  Lbsruniaoacir«>ltMni*boUer  tottwbuni- 

'  nlosn]  dl,  it  b  Uoad  Utrou^bout  with  Ote-brick  4  or  5  Inchei  tUek,  wbIA  at 

I  ibfl  bciler-pUlM  aai  mtiaiaio*  «  Mmponture  hii;^  •oongh  fer  oomplele 

The  oil  niDS  fhHn  *  ck«d  rewrvi>lr  al  a  mta  rvgxiUted  by  neaiui  of  tait- 

I  or  valves  into  odo  or  more  runiMLs,  from  which  It  i*  condcctcil  Into  Un 

Then;  ire  dld'aratt  wajn  of  Intndacing  tbe  ail  and  the  air  for  Ita  onnbiuitloii 

Ite  funuice;  but  in  enrj  eaae  It  li  Maenctal  (linl  the  oil  ahould  be  in  a  itata  of 

llviiioa.     ill  iomc  hnwoM  th«  oil  Sowi  In  ly  gra^-il)-,  in  a  abowcr,  (Wm  a  row 

loriflOHinthafroDt:  aail  tralon'  UneMiaa  fire-brick  pralhig,  Uimngfr  whMi  lb* 

n.     Id  olhcn  the  oU  ia  blixm  Into  the  furnaco  la  the  AaU  et  ipnj,  by  inHii* 

;  of  llifUir  Mptrtwated  sUam ;  aDtl  Um  4lr  eaian  throueb  orifiou  Borraujiiling 

—'"-  qtpmtiu  (Aj-don's  ajBleoO. 

Adubkduu  to  Akticlb  310,  Paok  464. 

Tito  I^Jeelar  fur  fwdlo^;  boilers  (invented  by  Oiffuil)  b  la  fact  a  j«t  pump  (Artldt 
187  A,  jiafcu  213),  in  which  Ilia  water  iftilrivrti  by  a  jet  of  lUam  lakei:)  (rvin  tbe  bnU«r 
Stal  ia  (ed.    'J1»  onliBuy  nila  lor  fladini;  tba  proper  McikuiAl  atM  lor  tlw  Mitowwc 

-rt.oflhei«d«ta-(Wto«:-For«,««Iocbei,^-5^?^P?^*?I^^ 
^  -•  -'  800  •  P»«wuro  to  atmoaphmi  ' 

•    J     1     I    1.     cubic  fert  per  hoor  rnm  feed  water    .„ 

lor  drouir  uooee,  — ys* — ,    > 1 .   Tba  couieiidJturs  of  weam 

^^    630  V  preaaure  In  atHMMpbem  >»*i-«u«j»ur»  «i  kcsid 

about  Ivwieca  tiinn  the  voAiim  of  tlM  WiUir  trjcoe^ 


tbne  two  ckMM  of  eaguM^  in  mjtum 
«f  ^  aCeua,  Wi  been  treated  of  aJrca*]*  u* 
Wl,  SS3.  »3,  ud  in  Article  369,  jme»  (1 
of  locsaMttra  awtinord  in  Article  4 IX  *t' 
ti  of  ito  WMte  iteui  at  t]w  atmuspbcnc 
fmyaiy  to  tb«  aeonMl  dns  tkan  to  the  first. 
AnDca  of  tbe  ncood  difl  an  on  iha  whole  \eaa  eexmoainl 
aflW  tkaa  tkoae  of  tbe  int  daa;  bat  as  thpv  hare  fewr  put^ 
■■d  aeca|7  loi  t^^/oa,  tfccj  aie  mndi  oMd  «'here  siiDfAicil^  aM 
a*«  BrMridrwJ  of  mote  unportanoe  than  ecuDum/  d 


A  MQTMK^  mode  of  ^'^trrfng  iteam  engines  is  founded  on  the  nxde 
ID  vliidi  tbc  ateam  acts  npon  the  pistan,  and  ia  as  fxliaws ; — 

L  iS'injrb  «c<Hi)f  ci^rmai,  in  wKidi  the  steam  pt-rfonua  it«  wvrk 
bjr  hi  actioo  on  one  fide  itf  the  piston  onlj. 

IL  Dtmbte  atling  enffina,  tn  which  the  steam  exerta  mttrff  on 
either  side  of  the  piiiton  altenrntflv. 

lU.  Hotatory  erufinu,  in  whicu  the  steam  drires  a  RTolritig 
piston  round. 

The  vay  in  which  the  differmce  between  single  and  double  ict- 
ing  engines  affects  the  calcuktion  of  the  power  has  olnxdjr  beea 
expl&inMl  in  Article  43,  page  50,  and  referred  to  in  Article  SA 
pages  333,  334,  Article  2G3,  poge  330,  and  elsewhere. 

A  Uurd  mode  of  classification  distinguishes  engines  into^ 

L  Noti-roUUvMt  in^ui^^poiiUuuouB  rotation  is  producnl,! 
in  single  acting  pnm|i4^V||^H&,  steam  hammers,  and  direct  i 
beetliiig  uiucUiiieih  ^ 
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Rotative  engiocs,  in  which  the  motioD  i»  fioally  communi- 
to  a  contjnuoiutly  rotating  shaft 
jtativo  eoginca  are   now  the  most  common.     Non-rotativo 
les  are  excoptinnaL 
^/ouirth  mode  of  classing  engines  t£  founded  on  their  pnrposeK, 
[follows; — 

Stationary  engina^  such  as  those  ozed  for  pumping  water,  for 
mnnufaoturing  machiuciy,  <Jcc. 
Portahlt  «ngine$,  which  can  be  removed  from  place  to  place, 
are  stationary  wheu  at  work. 

Marine  engines,  for  ])rr.|>clling  vessels. 
K  LoeaTnotiva  engin^^,  for  propelling  vehicles  on  \tiJiH. 
itianary  engines  exist  of  all  the  clashes  belonging  to  the  three 
ins  modes  of  clasaification.     Portable  engines  are  iikuaIIv  uon- 
lensing,  to  save  space,  and  to  adapt  them  to  sitoatioas  where 
Jeotion  water  cannot  be  obtainwl  in  sufficient  quantity.     Most  of 
'  wem  are  also  double  acting  and  rotative.     SJariuc  engines  are  in 
generai  condensing,  donbleacting^aud  rotative.    Locomotive  engines 
Are  almost  all  non- condensing,  and  all  double  acting  and  rotative. 

330.  iVvMisai  Hanw-pvwn  is  a  conventional  mode  of  describing 
the  diftumsioTui  of  a  Hteam  engine,  for  the  convenience  of  makers 
I  imd  purt'hasera  of  engines,  and  boare  no  fixed  reLition  to  inHicattd 
or  to  effectit>«  horse-fiower, 

The  mode  of  computing  nominal  horw-power,eBtabli(iherI  amongst 
civil  manulactuiers  of  steam  engines  by  the  practice  of  Me&ara. 
JBoulton  and  Watt,  is  as  follows: — 

Assume  the  velocity  of  the  piston  to  be  128  feet  per  minut« 
X  cube  root  of  length  of  stroke  in  feet ; 

Assume  the  mean  elTective  presaure  to  be  7  lbs.  on  the  square 
inch; 

Then  compute  the  hurse-power  fW>m  those  fictitJouB  data^  and  the 
loea  of  the  pi^toii ;  that  is  to  say. 

Nominal  H.-P.  =  7  x  128  x  \J  stroke  ui  feet 
X  area  of  piston  in  square  inches  -7-  33,000  ^| 

^  stroke  in  feet  x  area  piston  in  inches  ^| 

47  nearly  V 

\J  atroke  in  feet  x  Jiam.^  in  inehw  ..  .    M 

60  ^  *  ^ 

The  indicated  powur  of  different  engines  usually  exoeeda  ^ 
nominal  power  as  eoiiiputed  by  the  above  rule  in  proportioix 
big  from  14  to  d. 

In  the  rule  established  by  the  Admiralty  hr  conipatiqg 
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horee-powur,  the  reaJ  vdocUy  of  Ute  pwftm  is  taken  into  aoccmsi; 
but  the  Jiditiaus  ^ecliv«  prtsmm  of  7  Iba.  on  the  aqiiAre  inch  ii 
awumMl;  ooiuequeDtljr,  by  the  AdiuinUVy  rule, 

Nomiiud  IL-F.  =  Telocity  of  piston  in  ftet  per  minute 

X  area  of  piutou  in  inches  »(  7  -*-  33,000 

_  velocity  in  feet  par  min.  x  dJMn.*  in  iuchw 
6000 


W 


Tlie  iDdicat<>d  power  of  marine  engineB  nngee  frtaa  osmk  to  tbw 
times,  and  is  on  an  uvemge  about  twict  the  Qomin«l  power  m  oi)» 
puled  by  the  Aduiinilty  rale. 

Both  Uie  ciril  mle  and  the  Admiralty  rule  for  oaiauuttng  thf 
pover  of  engiuee  are  applicable  to  low  premure  enginaB  uone.  F(« 
high  premore  engines  there  is  a  oiutomary  mle  joopoMd  by  Mr. 
Bourne,  which  consists  in  umining  the  effective  premm  to  be  SI 
lb«.  per  square  inch,  the  other  data  being  tlie  aozne  as  in  the  ntk 
for  low  prewure  eugines. 

337.  KauBcnuIwi  mf  ihe  Friaclpftl  Pmw  oT  ■■  T!rc*itti — I.  Tbt 
boiler  and  cylimier  ai-e  connccteci  by  njt-Jins  of  the  atmnt  /«/«?.  in 
which  is  the  stop  va/tv,  already  mentioued  in  Article  3uri.  Vivi- 
muu  XI. :  also,  the  throUU  valve  or  retftUatcr,  for  adjiuiLing  tb 
opouiug  for  the  admiaaioQ  of  steam  to  the  cylinder,  whioh  in  sime 
en^nes  is  regulated  by  hood,  and  in  others  by  a  ffovcmar,  si  ts 
which  see  Articles  €5,  5G,  page  63:  hIao  jHigtt  5;>1. 

II.  Thi*  hli-um  pii>u  ouuUuus  eometimoi*  also  the  cul~f^valmV 
expandon  vaivs,  for  cntting  off  the  admiciuu  of  the  stcxm  lo  lb* 
cylinder  at  any  required  period  of  eacb  stroke  of  the  plstoa,  loKiiflg 
the  renuiindnr  of  the  stroke  to  be  perfonued  by  tlie  expauakn  i 
tlie  Htcnm  alrt«dy  admitted. 

IIL  The  cylintlcr  may  be  single  or  duuble  acting.  In  a  mfb 
acting  engine,  the  piston  is  forced  in  ouc  direction  by  the  pronn 
of  the  steam,  and  made  to  return  in  the  opposite  direction  wbff 
the  steam  is  discharged  by  the  action  of  a  weight  or  w»wU<fyis>. 
In  a  double  acting  eugine,  the  pititou  is  forced  iu  either  dinxxn 
by  the  pressure  of  the  atcam  which  ia  admitted  and  dischargvlii 
either  cud  of  the  cylinder  alterimtcly. 

IV.  The  admiaiuon  and  diflcluii^ge  of  the  etoam  tiike  plsoi 
through  openings  near  the  ends  of  we  cylinder,  called  pof^  aa- 
nected  uith  passngeii  colled  7w:xU»,  which  are  opened  ujia  chwed  Iff 
indttrdon  und  eduction  valvm.  Sometimes  the  indnctioa  UN 
edaotion  valves  are  ooinbiuL-d  in  one  valve,  called  a  sluli» 
The  valves  are  eontaincd  in  the  vaiv&<A£tL 

Y.  In  n4m'rr/»f/<*fmfiy  L-uKiut!8  (couveutionally  oaUed  A^^ 
€n^nes)f  the  wuiile  i^Aiam  ^uki^kc^^  from  the  oyliitdcr  "^vmtm  ibV 
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ios))1iero  through  the  blad  pipe;  in  loootnoti  vo  eogintt,  as  well 

le  others,  tlie  blast  plyie  is  plactd  in  the  centre  of  the  chimnoy. 

It  the  successive  XAasta  of  i^u-am  Hiachai^teti  from  it  augmenb 

Ldruight  of  air  through  the  funuce,  and  cauew  the  combtution 

fuel  to  be  more  or  leas  rapiil,  occDrUing  &a  the  engino  ia  per- 

more  or  leag  wcvk. 

^I.  The  ciflinder  otmer  has  in  it  a  aivffing-bom  for  the  putaage  of 

^{liiton  rod ;  in  lat^ge  engines  there  are  ticmetimes  more*  thau  one 

ro<l  and  stulfiiig-lKix,  and  sometimes  a  tubular  pihton  rod, 

a  trunk.     Th«  cylinder  cuvar  ia  also  provided  with  u  graue 

to  supply  the  piston  with  UQgueut 

TL    In  mniiy  large  engines,  there  is  a  spring  iiafety  valve, 
'  an  etcnpe  valve,  at  OKdi  end  of  thu  cylindur ;  the  chief  use  of 
I  is  to  didcharge  water  which  may  condunne  in  the  cylinder,  or 
tied  ovur  in  tue  liquid  statu  from  tht!  boiler,  by  what  in  called 

To  prevent  condenaation  in  the  cylintler,  it  is  somotimoa 
in  a  casing,  called  a  jaciet,  the  intermediate  apace  being 
t-in^  Itot  Btoam  firom  the  boUcr,  or  hot  uir  Irom  a  flue  (see 
"   286). 
Oatade  the  jacket,  to  prevent  loss  of  heat  externally^  there 
letaUdrtg  of  felt  and  wood. 

Doubfs  ejflifichr  engines  have  two  cylinders ;  the  steam  being 
itted  from  the  boiler  into  the  first  cylinder  and  then  filHxig  the 
id  br  expansion  fi-om  the  first. 

'iiiv  ordinary  comlenser  ia  a  steam  and  air-tight  vesael  of  any 
renient  shnjie,  in  which  the  steam  dischargol  from  the  cylinder 
|uefietl  by  u  constiuit  ahowcr  of  cold  viiitcT  from  tlie  rose-headed 
turn  vafve.  (An  to  tlm  E^ctar-condetwsr,  see  page  b^2.) 
1  \.  lu  laud  engines  the  it^ection  vxUer  comes  from  a  lank  called 
l^otdfceliy  surrounding  the  condenser,  and  supplied  by  the  cold 
'pumtp;  in  marine  engiuea,  it  comt^ii  directly  from  the  sen. 

In  the  tmrface  condeiiBer  the  steam  is  liquefied  by  being 
through  tuV<i-3  or  other  narrow  (lassages  sunouuded  by  ciu> 
of  cold  water,  or  ooM  air. 
ilV.  The  condenser  \a  provided  with  blouf-tfirouffh  valves,  com- 
ucating  witli  the  cvlinucr,  usually  shut,  but  capable  of  being 
nounlly  opene<l,  ami  witii  a  ndfiitig  v(dv«  0|ioning  out^'ardH  to 
atmosphere;  through  thesu  vufvca  ateam  am  be  blown  to  exjjcl 
from   the  cylinder  and  condenser  before  the  engine  is  set  tc 

^  The  oondenscr  has  also  a  vacuum  gauge,  to  show  how  muc 
^1)nnnnI  iu  it  falls  below  that  of  the  atmoB[>here  (see  ^rt" 
^,A,pageaUO,  111,  113). 

The   water,  the  small  portion  of  eieam  whioll 
2i 
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nttwndenacd,  and  th«  air  wbicii  aajr  be  mind  with  it,  u« 
ftrim  llt«  condsiuer  W  the  ov'  ptunp,  aad  diachufied  into 
«rf/,  K  tMik  from  wluch  the  feed  pump,  raentioaed  in  Artie 
and  516,  tlmws  thff  s^HT^  of  water  mm  tlw  bailer.  Tbe; 
v&tcr  of  the  hot  wvll  m  bind  engiao  i»  diactuiigcd  into : 
ihcre  to  cool  uitl  fonu  a  store  of  vatar  ibr  the  cxild  well;  in 
eof  iiir«,  it  is  ejected  into  the  sea> 

jCV'IL  In  all,  fxeeft  Mrtain  pwnltar  rtiwes  of  qigiiw^  thoit 
ft  ptunOil  motwm  for  guiding  the  htad  nf  the  putoo  nd  to  mun  h 
m  stniglit  line,  ooosisting  either  cimplv'  «f  «tnugfat  che^s  orgttidi^ 
or  of  a  coabinatiAn  of  leven  and  liukwurk,  inrentwi  bj  Watt,  ud 
more  or  kss  modified  bj  others. 

XVIXL  rh(3  [Mnilinr  class  of  engines  abonre  exoefited,  ue—iM. 
tnuJi  eticfinm  (including  Mr.  Hout's  Z  crank  epgiDe).ThfT«  the  gtd- 
ing-box  18  the  guide ;  secondly,  oiciUatinff  en^iner,  in  which  thr  Ixaii 
c^  tho  piston  rod  is  directlj  connected  vith  the  crmnk;  and  iIm 
cylinder  oseiUates  on  trunnions ;  thirdlj,  dtK!  engiita,  in  which  ^ 
ftiaolkuu  of  a  cylinder  are  perfonncd  by  a  ^-eeaeJ  of  the  fignp-  nf  > 
•{dwrioal  Bone,  and  those  of  a  piston  by  a  dim  bavinj^a  ni'-^  n  <' 
mttatioD  in  that  cone;  and  fonrthly,  rotatory  engine*,  in  v! 
piatoo  nvtdTea  rouDd  an  axis.  Tnink  cn^nes  and  o& 
QOginea  an  of  common  occurrence  in  steam-abipa.  The  !^  cnat 
■ngine  hat  sot  been  tried  on  a  large  scale.  Due  engines  are  moA 
to  answer  well,  but  are  of  raro  occurrence.  Botatory  esgiofs  «f 
Tarioiu  kinds  h»ve  been  often  tried,  but  seldom  with  good  ranlta 
XIX.  In  single  acting  engines  for  punijiing  wBt<*r.  titc  pump 
rods  are  worked  either  by  direct  connection  with  the  puttnn  rod,  or 
ttmwt^  the  inton'cution  of  a  beam. 

XX  In  double  acting  engines,  the  power  is  onmmnnieeted  ta  a 
rerolnng  Mo^  drtren  by  means  of  a  <rank  and  ooMnadny  rsdl  vit^ 
or  witbont  the  Jnterrention  of  a  beam.  (In  ceoiUating  vogatvi  tlM 
pulton  rod  and  connecting  rod  nv  one). 

XXI.  In  stationary  ennnea  the  shaft  oanies  t^fiy-uML^  to  db- 
tribute  and  equalize  itr^uiarities  in  the  action  of  the  power  by  iti 
inertia;  this  Ainction  is  performed  in  marine  engines  by  the  inertia 
of  the  [Mddk-wheeb  or  screw,  and,  in  locomotire  enginei^  by  lb 
inertia  of  the  driving- who*"!*  and  of  the  engine  itself. 

XX IL  Tlie  feed  pump,  and  other  pomps  whirb  ort^  appendagaof 
the  eoginef  are  worked  by  the  mochaoiam;  so  ahw  an*  tne  indnctidB 
and  ednotion  Tains,  tbroo^  what  i&  called  the  v^te  peafi*^  or 
wofce  awli'en  a  part  of  the  machinery  which  is  under  the  oontiol  if 
tke  eo^BeBHoi,  and  «o  contrivod  ah  ta  enable  him  to  stop  uA 
ravcne  the  atotmi  of  the  i'iii;iut'3  at  will,  sud  whoae  forme  are  to; 

varioua.  

iSa.  f^Mtfc    I  E-ri«^^^.   '■        '  "lie  and  looomotiTe  en^^nev 
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L  The  gtaam  valve,  which  opens  h.t  the  bogmning  of  tlie : 
■troke  to  admit  nteftni  to  drire  the  piflton,  and  cloaea  to  aU  i 
Btttun  at  Uw  pmper  iostaat. 

n*  Tbe  «quilibriwik  valve,  vhieh  lA  dosml  daring  the  fa 
Ftr^^  and  u^ien  dariiis  the  return  Btrnke^  t2i«  ex{i«ndnl 
hctAg  thru  truiaferred  through  it  from  the  one  «nd  m  the  < 
to  thf  oUht. 

III.  The  tditetian  vnivr,  vhirh  in  closed  during  the  return 
and  open  daring  tho  fcirward  »truke,  to  let  the  et«&m  in  fron 
the  piMon  n«iij*e  to  the  oondeoAcr. 

In  a  double  actlnr  ong^e,  tburc  are  four  valves,  one  pur 
each  rad  of  the  crlinder,  and  cuch  uf  th<.-«H.'  paim  consiBttt  of- 

I.  A  atram  vatvt,  opening  at  the  bp^^inning  of  oach 
Htixikt;,  and  closing  to  cut  off  the  Etciim  at  the  proper  instant 

II.  An  t4uetion  vahe^  cIo(>ed  during  the  forward  stroke^ 
open  during  the  return  stroke,  to  let  the  steam  eacapo  to  the  < 
deniier. 

343.  rtNB  Uo*  muA  T»>»tcfc — The  motions  of  conical  and  dAiit 
bent  vidvi:i<,  in  t^inglc  acting  eugtnefi,  and  in  some  dciubli?  ocUDg 
engitH-it  a]M>,  are  produced  by  nuana  of  a  "/Vwy  rw/,"  which  hoogi 
vcrticully  from  the  beam  of  the  engine,  near  tbo  cylimltfr,  and  rise* 
and  &JU  vertically  along  with  tlio  ]uetoQ.  From  iui  i>idt<»,  auitaU/ 
fonntid  pinH  and  bars  project,  whose  positions  cuu  be  adjusted  If 
]9cn?w8;  and  those  projit-tiug  piece«,  striking  lev(*r«  tit  cntiia 
inirta&ta  in  the  conrw  of  each  strok^  produce  the  rvq^nired  motiofi 
of  the  Tftlvea 

In  angle  acting  engineit,  the  exhaust  valve  and  the  staun  nln 
are  not  opeuod  din-ctly  by  thp  action  of  the  plug  ivd,  but  bya 

Sir>ce  of  mechanism  caltL>d  the  "  cataract,"  of  the  nature  of  a  puoq* 
rake,  abrady  referred  to  in  Article  50,  page  68.     It  couaima 
principally  of  a  small  loaded  piston,  moving  in  a  verticiU  i-i'mi'''-^ 
which  cfmtaina  wnler  or  oil.     At  the  end  of  the  forwnrvl  t-i  ■ 
the  enginr,  a  |iin  projecting  fi-oni  the  plug  rod  lifts  the  «•..;..--.- 
piston.   That  piston,  on  Wiug  set  frt-e,  dt-^sccmla  ■wit-h  o  b]h^'«1  whidi 
is  determined  by  the  drgree  of  oj>cning  of  tlve  regiilniitig  «ii 
through  which  the  liquid  below  it  in  lUacharged ;  nml  Ujuimli 
end  vt'  its  descent  it  actd  suocessively  upon   two  catches  whif 
litienite  weights  Unit  in  their  descent  ofteo  the  exiiuust  vahc  mil 
the  steam  valve.     Thua,  by  varying  the  opening  of  the  n.-i; '^    ' 
cock  of  the  cataract,  the  engine  ctui  be  caused  to  make  < 
fowtv  gtrokra  per  minnte. 

The  arnuigeirient  nf  the  valve  motions  of  single  acting  ciuiii^ 
may  l>e  varied  in  its  dctjdl.  One  of  its  furms  vtU  be  illuatiaUxl  i 
a  Kul»ii-<jiiput  Article. 

344.  Midr  viiUcMtftaao(»u^nt  of  tho  Bimplicity  of  their  acttt 
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eiaooUmcss  of  their  motion,  are  almoot  universally  employed 
Surope  for  the  distribution  of  the  steam  in  double  acting  engineSL 
31ie  teat  of  a  sbenm  engine  alitJe  vaUx  consists  usually  of  a  very 
it«  pUne  surface,  in  which  are  oblong  openings  or  porta. 
are  at  letiat  two  in  number;  one  communicating  with  each. 
of  the  cylinder.  The  scat  of  the  short  slide  valve  hum  a  tliird, 
txhaust  yrrt,  between  the  tirst  two,  witich  is  the  passuge  for  the 
of  the  exhaust  steam.  In  some  speml  forms  of  engina 
ports  are  mom  numemus  Ktill. 
Tlie  loitg  iilid«  voire,  or  V-niidc,  represented  by  e  m  Bg.  130,  and 
'  £gB.  131,  IS2,  and  133,  might  also  be  classed  as  a  writ  of  hollow 


Tig.  tSl. 


Fig.  182. 
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tubuUr  piston  valve;  for  the  bnck  of  the  valve,  which  in  semt- 
rliudricul.  is  miidc  to  move  steam-tight  at  itii  top  and  lK>ttoni  loj 
le  Bemi-tylindrical  valve  chest,  by  means  ol"  two  UiUf  ringB 
llic  (iiickiug. 
Fig.  131  tthowB  A  vertical  section  of  the  volve,  separate  from  the] 
Ive  clxivt  and  cylinder,     c,  <:,  are  the  two  poi-iiona  of  which  its] 
le  face  cf^nmitU:  at  its  iMck  near  the  top  and  bottom  ore  seea 
biotu)  of  the  |>ackiiig  half^riiigs.     The  valve  ivd  is  shown  pasdng 
m  through  the  ttibuUr  iiiti'rior  of  tho  vulve,  and  attached  to  u 
cross  bur  ut  the  bottom.    Tliis  hat  is  dat  and  thin,  and  placed  with 
breadth  vertical,  imi  ha  to  contract  ait  little  txa  posatblo  the  |> 
jugh  the  interior  of  the  %'alve.     Pigs.  132  and  133  aru  vc 
tioiiA  of  tlie  cylinder,  \"ulvo  chest,  and  valve.     The    st.a 
Imittcd  tlirongh  the  st«am  pipe  and  throttle  valve  to  ti»'  mu 
of  tho  valve  cheat,  wliich  stin-oimds  the  t^ibnl  i' 

o.     The   two  ends  of  tho  valvo  chest  comnium 
)ndenBi^r,  tht*  Inwur  end  directly,  imd  the  upiicr  etui 
ktcrior  of  the  tubular  part  of  the  valve. 
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Tn  fiff.  132,  tlic  Tulve  »  in  it«  kif/keti  poaitinn :  the  stiddk 
of  th*  vftlve  chtait  eoramnnitmtea  with  tho  ft»  of  the  cyli 
admittinit  aUnm  to  drive  the  piston  thymteard;  the  6i>M*»i)f 
cylinilrr  ootnmunimtes  with  the  hottois  of  Uw  vmlws  chtft^ 
with  the  ooiHlcnser. 

lu  fig.  1 33,  the  ▼olve  is  in  ita  «»«*  poMtion :  the  muldie  wrt  ■ 
the  yJvc  chest  cnrnmnnicates  with  the  baiiom  of  the  qrhoJ«. 
admitting  rtaim  to  drive  the  piston  npuxxrd:  dio  to^  of  thi 
cyliader  communicates  with  the  top  of  the  ralre  chest,  mnd  theofi 

Ithtxtugh  the  tabular  inWrior  of  the  valve,  with  the  condenser. 
The  «&ort  dide  valve  ia  npneaitrA  ta 
n        r-~1  ^¥-  *^*'  '^'  '^^- 137,  and  13a   Fig. 

1        K  '  134  is  a  loL^itudinal  seclina  cf  lit 

■        1        r  vftlve  and  its  seat.     Tlie  cylinder  it 

■       y      V^  „ 1  supposed  to  bo  vortical :  c/  is  the  alidt 

■        V  '^       kj  □  ^-ftlve;  a  the  upper  and  c  the  lo«w 

H         ^^^  ^^^V  cylinder  port  ;   o  the  oxhaurt  pari, 

■  '~~  ^     ^^  Iwuliug  sidowaya  to  the  oonduuer,  or 

■  \\  to  the  air,  according  as  the  ongine  b 

K  L  .  ^H    ,1  n  d      cotiiien^itig  or  non-condcuaing.     Fig. 

■  ^-^P  fH  13j  is  a  frout  view  of  the  valvs  awt 

■  I  ^^j"^  /  }  and  ports;  fig.  136,  the  Gum  of  the 
K  [    '>^  y^y  valve.     The  steam  ia  ndmittijd  frwa 

Kh^^*^^     -X^  the  boiler  into  the  valve  chest,  p    •  I 

HH^   '^  and  bcUiud  the  valvi;.    In  fi^.  I-';. 

V  H  /        /'^ — '  valve  is  in  its  middle  poaitiuu,  aoJ 

I  I  ,j        1.  both  the  cylinder  ports  are  oloeod.  In 

■  I  a        I  fig.  138,  the  valve  is  depreBsed  id  fiu- 

H  IcJ        t-»M  below  its  middle  position  aa  to  opco 

H  n*  is*.  *^*  upper  port  for  the  admiiattoti  of 

™  '  stonm  above  the  pisitou ;  while  at  tha 

nme  time  the  lower  port  in  connected  thtxiugli  Uin  int^or  of  tin 
valve  with  the  exhaost  port,  so  u  to  allow  the  stuom  from  belov 
the  piston  to  e-tcapo  as  the  piston  deaeends.     In  tig.  137,  the  valvs 

■     ia  raiaed  so  high  above  ita  middle  position  ns  to  open  the 
I>ort  for  the  admisBion  of  steam  Ih-Iow  the  pisfcen ;  while  at 
aamo  time  the  npper  port  is  connoctod  through  the  intttior 
valve  with  the  exhaust  port,  tio  as  to  allow  the  ateam  from 
the  piMon  to  eacapu  aa  the  pbton  rbca. 

The  abort  slide  valve  Im  pressed  against  iti  seat,  and  the  joint  betweeo 
it  and  Hm  K'jii  kept  Hteam-tight,  by  the  excess  of  the  pnjsciure  of  ' 
f'"'"  »u  the  valve  cheat  beliind  the  valve,  which  c<inii«  from 
ove  thi'  pressure  of  the  stetun  in  the  interior 
monicatas  with  the  oondemer  or  with  th< 
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-3.     la  large  engines,  the  amount  of  that  difference  of  preasare,  over 
■  I  Ae  whole  area  of  the  &ce  of  the  valve,  would  be  mmeoessarily  great, 


li 
f 

-j 

4 


UJ— 


Fig.  188.  Fig.  187. 

causing  too  much  work  to  be  lost  in  overcoming  friction.  To 
diminish  its  amount  is  the  object  of  the  coutrivauce  culled  the 
aquHibrium  slide  valve,  in  wliich  the  iuterior  of  the  back  of  the 
valve  chest  is  a  true  plane,  parallel  to  that  of  the  \ol\a  scat;  anc' 
the  back  of  the  valve  is  provided  with  a  flat  brass  packing-ring 
which  is  pressed  against  the  back  of  the  valve  chest  by  ajtringi 
The  amount  of  the  pressiure  of  the  valve  against  its  seat  due  t< 
the  pressure  of  the  steam  from  behind,  is  the  product  of  the  i 
sity  of  that  pressure  into  the  excess  of  the  area  of  the  fii 
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ili«  -mire  above  the  area  of  the  iiacking-riiig  at  its  Imck.  «ju)  a 
\tc  reduced  u>  uij  reqtiired  tunouikt,  bnw  small  soever,  by  lulj 
that  ring  large  uuougli. 

346.  Cccrairtc. — It  IS  obvio\iR  that  to  prodnoe  ihe  proper  dil 
bution  of  the  steam  hy  a  slide  valve,  wbtUicr  long  or  sliort, 
valve  must  liavo  a  rcctiirricatiiig  motion  of  such  u  nattm 
to  bring  it  to  the  eada  of  ite  atrokcr  being  its  greatest  distefl 
£roui  itn  middle  positiou,  ut  periods  intertnediato  bcttmeea  thov 
wlijcb  the  piston  rea4:bes  the  ends  of  ita  strak&  Ttii*  ecooitB 
(6g.  13D),  which  is  iised  to  give  that  motion,  is  a  dnmlar  diio« 
rie<l  hy  the  ^haft,  with  vhose  axis  the  ceutro  of  tlie  diao  does  i 


fif.  1S9. 

coincide.  It  is  eqnival^nt  to  a  cnmk  vhose  length  is  cqoal  to) 
Momtrie  radiuK;  that  JH,  the  line  joining  tho  centre  of  the  diael 
the  axis  of  the  shad ;  and  being  encircled  with  a  hoop,  b.  at  one  ead 
the  eccentric  rod,   a,  it  gives  to  that  rod  a  recif>-  luoli 

whose  length  of  stroke  in  the  double  of  the  eocen; !  1 

eccentric  rod  is  either  directly  jointed  to  (he  slide  vulvi  ■.  wuX.  or  fl 
neoted  with  it  by  tiny  convenient  ctHnbinsitJon  of  Icvcth  and  Ui 
■work.     One  such  ftrratij*oment  is  shown  in  figs.   1^7  and   138, 
Article  39-1,  where  e  b>  the  jiiston  rod;  /,  the  cuuneeting  rodj, 
crank;  m,  tli.^  ecoentrlo;  n,  the  eccoutricrod;  o,  p,  leven: 
link ;  A,  tlio  slide  valve  rod. 

The  nnteh  opposite  the  letter  a,  in  fig.  139,  is  the  gab\ 
eccentric  rod,  by  which  it  holds  a  pin  on  the  end  of  the  Id 
ia  directly  driven  by  it  (a«  o,  tigK  137,  138).  By  means  _. 
handle  on  the  end  of  the  eccentric  nxl.  the  gab  and  pin  can  b«  i 
engaf^ed  and  reengaged,  so  as  to  throw  the  valve  motion  *•«< 
g«arinfj"  aTid"into  georvng^  MA^^aiawtStK^osiTiijift  valve stopa 
rcttume  ita  m^Aioii  ■w\»ft'&  kio^t^A, 


1  138^ 
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In  many  engines  a  difierent  contrivance  in  used,  called  the  *'iink 
'oil"  to  hy  afterwards  described. 

6.  HprmiHK  kr  •>*»  i**«M<  i{c««atric.~To  iTverse  the  direction 
rotation  of  the  xhat'l  of  a  Hteani  vniL^ue,  the  jiiMton  must  be  made 
come  to  rest  and  tlu'n  to  uiuve  the  riiverse  way,  before  complet- 
a  Btioke,  and  the  eccentric  muat  aiaumc  tljiit  jiosition  i-elatively 
he  ctmnk  which  i«  proper  fur  working  the  slide  valvo  when  bbe 
n  of  the  Hhaft  i-s  rcvcrw-'d.     That  positiun  (or  the  position  of 
ird  ^ear)  is  somewhat  less  than  half  a  circumference  fi-oni  the 
ition  <^  /(/rward  gear,  meamired  round  the  shaft  in  tko  direction 
'/onoard  rotatiotk     To  bring  the  eccentric,  therefore,  into  back- 
gear,  it  is  eiifficient  to  cauee  it  first  t-o  etand  »rtill  while  the  fthafb 
y  finishes  the  tirst  half-tnm  backwards,  and  then  to  accom- 
the  abaft  in  ita  rotation. 

most  stationary  engines,  and  many  marine  engines,  those 

are  effected  by  having  the  ecoontric  loo«e  on  the  shafl,  and 

iDounterpoised,  that  its  centre  of  gravity  shall  ho  in  the  axis  of 

ahaft;  but  prevented  from  turning  comphttely  round  hy  means 

two  ahonlders,  one  of  which  holda  it  in  the  position  of  forward 

',  and  the  other  in  that  of  btK!kwiud  gear ;  care  being  taken  that 

motion  of  the  loose  eccenti'ic  round  tho  shaft  shall  be  /onearda 

from  forward  into  bnckwai-d  guar,  and  frrtcitwird*  to  go  from 

into  forward  gear, 
reverse  an  engine  with  a  loose  eoccntric,  the  gab  ia  to  be  di»- 
from  its  pin  and  the  alide  valve  shifted  by  hand  if  necea- 
Vi'hen  tlie  ahuft  has  made  part  of  a  turn  backwarda  tho  gab 
be  re-engaged. 

ir  example,  in  iig.  137,  the  iHston  ia  riKing,  and  tho  shaft 
toward  the  right.  To  reverse  that  rotation  the  gab  ia  di*- 
aud  the  iilidv  valvu  Hhifttnl  into  tJiu  {KiKition  shown  in 
138;  BO  that  fit*>am  fiftm  tlie  lioiler  being  ailmitted  to  pi-e&s  on 
top  of  the  ])i!fton,  bringn  it  to  rest  before  it  has  completed  its 
Rtroke,  and  tlieu  drivr-H  it  downwaxtis,  so  as  tn  make  the  shaft 
Xo  towunl»  the  lett.  During  the  left-handed  i-ntation  tho  eccen- 
standn  Htitl  until  it  io  in  the  position  of  backward  gear;  then 
gab  if!  re-engngeti  with  its  pin,  the  idide  ymive  resumes  its 
eaotini),  Hud  the  left-handed  ixitatiou  goes  on  till  the  engine  ia 
ctopped,  or  reversed  again  by  the  same  proceas. 

According  to  ii  mode  of  reversing  by  the  loose  eccentric,  used  by 
U(w«ra.  Randolph,  Elder,  &  Oa,  the  eccentric,  instead  of  standing 
etail  till  tlio  engine  has  turned  hack,  is  tuntle  by  a  conibiuutiun  uf 
whectwork,  to  oixrtaks  or  ouinm  the  shaft  while  the  cngioo  is 
moWng  forward,  until  it  reBche»  tho  position  of  revurao  guuing; 
the  reversal  of  the  motion  of  the  engine  fftUti'w?i. 
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iho  eentre  of  the  tlih  U  tbe  distance  to  which  it  has  pUHd  Wit 
the  midillo  uf  its  tdroke  At  the  lusUnt  wbeu  the  putoa  urintC 
ciUicr  I'UfI  of  ltd  Htruku. 

The  load  of  the  itvtttetu>n-«f^  of  the  slide  is  the  extent  to  vlji' 
the  iiort  is  opea  fur  tidnilsifion  of  steam  at  the  mm^  iostanL 

The  amoant  of  the  lead  of  the  centre  of  ih»  ibde  vuj  W 
meanred  and  exjjrunetl  in  three  iireyB,  viz.  ;— 

T.  In  alianliite  measnre,  snch  aa  inclie& 

H.  By  the  propofium  of  the  alh^otute  lead  to  thr  half 
Uio  ^liJt?  valve.     Thia  may  he  called  the  ratio  n/iead. 

III.  Bv  the  angle  at  wMch  the  eoo-'ntric  mdius  stands  is  aHtim* 
of  the  i^-wition  wliioh  It  wouhl  i-cquin?  to  huve  reJaur- 
crank,  in  order  to  make  the  midJlo  jKwitinn  of  the  side  ^  - 
ni  tbe  same  instant  with  the  end  of  the  pistun  stroke.     Tlun  oi^ 
be  L^led  the  angl«  ofirad, 

Wlifin  a  loose  ecci?ntnc  has  no  lead,  its  po«itiona  of  forward  Ml 
backward  gearai-e  bftlf  a  circumfeiTnce  apart  When  it  has  laut 
the  angUi  between  those  positions  is  half  a  circumference  \em  twin 
tilt'  rtimlc  of  Ifod. 

If  tnc  eccentric   toA   is   so    long   rutattvely  to    the 
radiutt,  Ibat  tbe  effect  of  ita  ^'ai^iiia  ubliqailics  on  the  j^i 
the  jiointa  it  connects  may  be  neglected  in  ptnctice,  the  1  I  .  •j^ 
equation  is  sousiUy  aocurato: — 

Haiio  <tfUad  o/txiUn  ^  sine  of  ony/s  of  load; (L) 

and  iji  other  cases  the  same  eqtuttoD  always  givc3  at  least  m 
ap|>mxiniAtion  to  the  trath. 

ThtT  angle  of  lead  may  be  stated  either  in  degtres,  or  as  a  6i»> 
tloa  of  a  revolntion. 

The  lap,  or  coc<?r,  of  a  slide  valvo  at  one  of  its  edges  ia  the  nrtanl 
to  whi)^b  that  edge  overlaps  the  adjoining  edge  of  the  port  wUdt 
it  covers  when  the  slide  v'alro  U  in  its  middlo  po«ntirin.     fn  $* 
134  of  Article  344,  the  slidu  ^-alve  has  a  rory  small  a.- 
<<<iual  extent  of  kp  at  each  of  its  ftn. 
Fig.  1 40  \s  a  section  of  tho  kiwer  half  < : 
oal  alidp  valvf  i»nd  ita  port  ha\-ing  a  gn»u  :  .  i  -  i. 
of  lap;  Wis  tlw  lower  port  of  a  cylindi 
lower  half  i<i  the  slide  valve,  in  its 


^H  kton ;  U  '^  the  wu^tw^ioa  auJEf^ 

^  Him  mdt  of  tlie  (-trt ;  C  is  the  m 

rvt-  Hfl.  p  |L^  aitirtioH  tticyt,  i,f  «!.«  vain 


P  tbe  tdHftion  eiiyt  of  tbe  vail 
OT  Oa  htdueiim  «m^  attd  V  P  ibu  lapo»lJu 
ImJ  of  Out  wUtdwwaly  tiC\:buiri^^iWA.^« 


XXPAKSIOir   BT  THE  SUSE   TALrC 

^  of  lap  on  uidaction  side,  s  £'; 

,«  of  lap  on  wlacUoa  tide,  ^6*;  then 
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tooa 


{^) 


ing  wliic}]  t]ire«  arcs,  it  U  to  be  iBmemburd  that  a  ruga- 
«)m:b|>uud:t  to  an  o6ftue  angle,    Thia  being  dooei  we 


lap  on  mdurtioo  radt*,  <)  C  =  O  E  *  rin  A*;  1 
I&p  on  eduction  ade,  O  P  =  O  E  •  Bin  6';  /  "" 

stroke  at  wbich  release  ocean, 


(«■) 


DP 


^ 


.(9.) 


iry  to  taka  iatio  aeeourU  lA«  oUiqnUif  of  the  con- 
oftht  (ocenJrte  rod,  uk  one  or  other  of  tUv  furegoinf; 
metbo<l»  to  6nd  the  angit  of  t«ad.     Then  make  an 
tdcton  drftwinj;,  ou  a  sulEciently  lat^  acalu,  «howiiif;,  in 
»,  the  cmnk  in  a  mriea  of  eqaidistantaQgnlarpositionit. 
;  known,  will  cnablu  the  corresponding  potutioiui  of  tlio 
to  W  laid  liowii.     Draw  tlio  ceutre  line  o(  ttie  pts- 
it  of  the  alidc  tnil%'u  rod,  upon  which,  by  mtiuu)  of 
of  the  cnnn«iting  rod,  ecfcntric  rod,  and  other 
luwii  the  puntiona  of  tbe 
to  tho  giTen  series  of 
r  m  positious  ein- 
thcy  are  nnm- 

IK  iiL;^;iiii>r(fift 
iri;^  Cftcn 

lifiton,  and 

wliicb 

lotlie 
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ciplefi  trhich  dotcrminc  that  point,  see  Article  291,  Dirison  III, 
page  420.  These  being  the  data,  the  solutiau  consists  of  two  parte, 
as  follows : — 

I.  To  find  the  angle  o/lead,  and  the  lap  oti  the  htdwetion  aw^.-— 
Draw  Q  A,  RG,  pf*q>cndiciilar  to  D  F,  cutting  the  circk*  in  A,  G; 
nictigure  or  bisect  the  arc  A  U ;  fruui  £  lay  off  the  oqaol  arcs  E  E^ 

— ^ ;  join  B  H,  which  will  be  iviralk'l  to  D  F. 


EH,  each 

Then 


The  angle  of  lead  = 


lap  on  the  induction  aJA 
Imlf- throw 


OE 


.(3.) 


I 


tl.    To  find  the  tap  on  the  trdtu-tion  gide  and  the  point  qfrd^nae: 

Draw  T  M  perpendicular  to  D  F,  cutting  the  cirvW  in  M,  &wd 
which  Iny  off  the  arc  M  X  =  ore  A  B.  Dmw  N  L  parallp}  to  D  F, 
cutting  6 1  in  F;  thpn 


Lap  on  the  eduction  ride  _  ^*  P 
hilfthrow  OE 


■i^) 


from  I<  Uy  off  the  arc  L  K  t=  arc  A  B,  and  from  K  loi  fall  K  S 
pcrjtcndicuJar  to  D  Fj  tlien  will  S  repn?«pnt  the  point  t^frdtm 
during  the  forward  stroke  of  the  piston,  wh(?re  the  \-aJve  beiginitB 
open  on  tlic  t^'ductitiu  sido.  Aft  to  the  eflcct  of  releuBu,  oee  Artidt 
291,  Division  IV.,  page  421. 

SccoKS  Method: — By  trigonometrical  calculuUtm. 


Data: 


Advance  of  admiwion  _  V  jj  =  1  • 
Stroke  of  imtou         DF     9* 

DR     1. 

Katio  of  actual  culroff=  sjt;  =  p* 


Batio  of  ousliioning 


IT?   ^ 


I. 


Half-throw  of  slide  valve,  O  K 


\jEft.  SLTv^K  oS.V«A  ■=.  a\ 


||le  of  lap  OD  iiiduction  side,  =  6'; 
le  of  Up  OD  cductiuD  side,  =6*;  then 

•(.-!);«+6'=eo.-(2_,); 

,  +  6'  =  coa-'  (t-*  )i 

ting  wlitch  ihnti  arcs,  it  is  to  be  romembetcd  UmA  ■ 
na  corresponds  to  au  oifttae  angle.    Thia  bciag  ^ 


»ir;» 


lap  OD  iDdnctioi)  idde,  O  C  ^  O  E  *  sm  6'; ) 
l»p  on  eduction  side,  O  P  =  O  E'oub'ij' 

of  stroke  at  which  rcleaac-  occuns 


^1 


Mn  sw 


IJS     I  +co«(a — fc") 


u  iWMamry  to  6uU  tnto  accouni  tkt  < 
vd  ancf  o/Oi9  eccentric  rod,  vae  oue  vr  ocfasi^l 
tate  tnethodH  to  find  the  angU  <^  Uad. 
Rkeleton  drawiu;^,  un  a  eufficit-atly  lai^  4 
pkcL>,  tliu  cnink  in  a  serie-i  of  eqtudiMHtl 
l)«iug  known,  will  enable  tbo  coi 
ndias  to  be  laid  dovn.  l>raw  Uw  mmi^lmnt^m  p 
and  that  of  tlio  alido  valvo  rod,  v^i*  ^ttA.  tf  aiMs 
ra  leiigtim  of  tlic  connecting  rod,  mu^mxa^^Hi  «4 
late  piecoK  of  the  meoluuiisoj,  \my  ^ 
nd  of  the  filido  Talve  correHpondiaf 
of  the  cnuik  and  eccentric.  Tfca 
I  iiifluillj  from  twelve  to  twcoty-AiK 
the  drawing  in  their  order  of 
trawto  th)>  same  scale  a iliii^rmm 
)raw  a  ]iair 
0.     JIako 

rr=tiie  I 

txUiestroi 
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•kdeiOD  dtmving ;  and  from  thoae  [kubU  Uy  off  onUnrntea  ptnSH 
to  K  If  upwards  or  downwurds  «a  tho  ooso  tnaj  be  (rach  u  i  li 


Fie.  US. 

'  M,  &C.),  representing  tha  oarrespomliu^  succcaeire  distMioaiof  tkr 
ide  vnlre  from  ita  middle  poaitiou.  as  shown  hy  the  akeJetoD  dnv^ 

ing.     ITiroiigh  the  ends  of  th«>e  oniiiint<*s  sketch  A  cni-»"p  M  A  G  K. 

which  will  be  bd  ovsI,  upprxmchinji;  mure  or  less  nearlj  to  an  eUiptic 

figure,  iuwrilied  iu  the  n^ctangle  whose  axea  are  D  F,  K  I. 

Then  mark  thu  nH)iun.-d  pointo  of  cut-^ff  R,  and  commenoenmrt 

of  cnshioning  T ;  draw  the  ordinated  R  U,  T  H,  perpeodieular  u 

D  F»  catting  the  oval  iu  G,  M.    Then 


Tbo  reqnired  l&p  on  the  induction  aide  =  RG  ; ) 
.,  ,,        eduction  aide    =  ¥~3il. 


^™(io» 


Further,  dmw  G  A  aud  U  K  pAralld  to  D  P,  cutting  the  oral  h 

A  and  K,  fmm  which  points  let  fall  on  D  F  the  ]-.  ' 

A  Q,  K  S.     nu-n  will  Q  Ix-  the  |K>int  of  the  6tn>ki' 

admanoD  b^ni^  and  8  the  point  of  release.     {Svn  i. . 

(oqy  Madmary;   Z«uner's  Sd^UiMnleuenmgen;    lla . 

tmd  TabUt,  page  SD8;  nankirie  On  Skij/lftt.H-lt'ti'j,  iju^c  llbi.) 

SometuneB  in  the  rertioul  cylinders  of  nmnne  engines,  ibv  Inp  "f 
tbe  idide  valre  on  thu  induction  side  in  umde  low  f^r  t' 
than  for  the  upper  port     The  eS'eet  of  this  is  to  out  olT  tii 
3atcr,  aud  to  have  a,  leas  nitio  of  expttnaion,  and  a  greater   tataa 
t4rt<cttvo  i>re(«ure,  during  the  up  stroke  tlian  during  Out  down 
stroke.     The  object  is  to  equalize  the  energy  t-xcrted  on  the  cnnk 
during  tlie  up  and  down  strokes ;  and  to  attam  thai  ohji-ct  per 
ftvtly,  the  dilTcrence  of  the  mean  eflecttve  pre-ssurea,  uultif 
the  area  of  the  piHton,  should  be  equal  to  twice  the  urcigt.i 
mstoa,  piston  rod,  and  connecting  pmI,  wiiicli  weight  aansts  ^ 
aown  atrokfl,  and  opposes  the  up  stroke 

S4&  The  tAA  nodaa,  which  was  first  nned  in  the  locom 
fUginesofUr^B^ntBtepheniion.  wan  arrangement  of  slide  v 
gear  for  nv/^gggflf/jl^      *  IC  the  rule  of  tMjMiniiioD  jI 


UXK  MOTION. 
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^ts  geucnil  arningemeDt  is  represented  in  the  akotoh,  fig. 
In  Biihneqiient  figures  it  will  be  shown  in  ltd  place  iu  loco- 
•e  and  marine  engines. 
is  iha  Jbrward  eoemtrie, 
P  the  baehoard  «eMRlno, 
a  pair  of  e«wn tries  JiMd 
le  shaft  in    the    position 
>ie  for  working  the  sUde 
during  forward  and  back- 
motion  of  the  cnsiuc  re- 
.voly.   Tho  angle  Ijctween  p^.  543, 

WD  eooentric  radii  in  the 

vmerU  <^  twice  the  angle  of  lead.  C  is  the  forwuxd  eccentric 
G  tho  backward  ecoentrio  rod.  The  ends  of  those  rods  are 
k1  to  the  two  ends  of  a  pieoe  b  V,  called  the  link,  containing  a 
In  which  a  stnd  or  slider,  on  the  end  of  the  slide  valve  rod  a, 
table  of  shilling  into  different  posutiona;  eg  \s&  rod  by  which 
uk  hanga.  In  some  cn^cs  the  iiciitro  e  ia  fixed,  and  the  vatve 
I  jointed,  so  that  tho  alider  on  itis  end  can  lie  moved  to  dilTen-nt 
ons  in  the  link ;  and  then  the  fisuro  of  tho  link  is  no  arc  of  a 
,  whoac  radiuB  is  the  length  ot  tho  iihifcing  portion  of  the 
rod.     In  other  cnacs  (of  which  tJio  figuro  in  an  example),  the 

0  «  ia  cajtablo  of  being  chilled,  xo  aa  to  move  tho  link  into 
ont  |iohitii)ii^  M-hilu  l\\v  \-ulve  rod  is  at  rest  latoridl^ ;  aud  then 
gnra  of  tlie  link  ia  an  arc  of  a  circle  whose  radius  ia  equal  to  the 
ivo  length  of  each  ecocntrio  rod.  In  Mr.  Allan's  form  of  the 
nation,  luilf  of  the  fhjfling  is  produced  bj-  moving  the  link  in 
irection,  and  the  other  half  by  moving  the  »t\id  of  tho  viilve 

1  the  ojipotdte  direction;  and  in  that  foim  thf*  link  is  frtraighi 
link  motion  is  very  much  varied  in  ita  details  by  difierent 
Kitive  and  marine  engine«E8. 

the  figure,  the  link  bangs  by  tho  rod  «g  from  one  arm  of  the 
edn,  balanced  by  a  countor|)oijie  on  tho  oppowte  arm.  deia 
isvBTse  arm,  connoct^l  by  a  md  cf  with  the  reeening  handle 
I  engine,  which  acts  by  meant)  of  a  lever,  or  of  a  screw, 
tho  figure,  the  motion  of  the  alide  valve  is  produced  by  tba 
1  of  the  forvord  eccentric  alone,  and  llio  ougiue  ta  said  to  be 
U  fonoard  ^ear.  The  Kteam  is  cut  off  at  a  point  depending 
le  lap,  the  lead  of  the  forward  eccentric,  and  a  throw  equal 
ioe  the  eccentric  radiua. 

beu  tho  link  la  shiftod  so  that  tho  stud  of  the  \-alvc  rod  is  st 
ppoidte  pn<l  b  of  the  link,  the  motion  of  the  valve  is  prodnoed 
a  action  of  the  backward  ecueutric  alouu,  ftuii  X\m  QD.f^aibS& 
x>  l>e  i»  /ti//  &j/Uward  ffear.     Tlie  sVium  Va  cut  «St  ^  * 
divg  Ml  the  lapj  Jead,  aud  throw,  ua  \jc1loi«« 
3k 
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For  any  iDtermediate  relative  poeiti 
motion  of  tho  slide  vaWe  is  produced 
forward  and  backward  ecctntrica,  accoi 
ajiproxiiuaU;!}'  repreeeQt«d  aa  folluva  :- 
be  tho  velocity  which  the  ralvo  woul 
gearing,  v"  tlic  veloiuty  which  it  would 
geariDc;  aiid  let  velocities  in  contmrf 
as  punitive  and  motive ;  also  hi  F  \ 
irom  the  forward  end,  aud  T  its  distaa 
of  tho  link;  then  the  actual  wlod^ 
tsitant  is 


To  find  exaeHy  the  motious  of  tfc 
difiertnit  relative  positions  of  the 
flrawiug  of  the  mwhaiiifim  is  to  bo 
aoale,  as  in  the  procesa  dpacribed 
authorities  there  cited ;  ahio  Rom 
383.) 

A  ueefVil  apprOTimaiion  bo 
V  when  Uie  stud  'u  in  any  given 
link,  is  aa  follows : — lit  O  xj 
ahaft,  O  F  tho  forwanl  ecce 
ward  Mccntric  radiuA;  and 
panOlel  to  F  B.    In  full  fon 
IB  O  F,  and  tho  angle  of  /a 
and  the  lap  Uie  distribute 
Connect   tlio   poiuts  F  aiu 

^,  ,.        F  B  X  length  I 

the  radiua,  r — x — 

^  3  X  leng 

vex  or  concave  towards   O, 

ertmad  or  vneroued  when  tho  two  vet 

the  link;   and   make   the   end  S  of  f 

divide  that  arc   in   tlie  eame  ratio  in 

tho  link.     Thfn   the   motion   of  the  a 

that  coiTe8{K>Ddiug  to  an  eccentric  rad 

half-travel  O  ti  and  angle  of  lead  ^-^ 

tion   appenrs   to   hu%'e  IJcc-n   first    pubii 

Gray    in    his    Qeom&ry  qf  t/u   Sli'i«'~ 

cooittruotion,  with  a  jMu-ubolic  instead 

■tratad  in  Dr.  Zuuner's  ^c/tieberateHg. 

349.    KKpMMtoa  VNlrv  with  Can 

ia  oftfM,  used,  «i|>ocially  in  large  nmrin? 

double-\>eab  \u\vQ  ^XxV»^q  Wu^^^:^  U1 


fig.  144. 
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feme  arm  of  a  lever.  Another  ann  of  tlic  lerer  has  a  roller  at 
,,  apooirhich  a  snitaMy  shaped  cam,  turning  with  the  engine 
|ta  acta  80  as  to  lift  the  vnlve  twice  in  each  revohition,  hold  it 
a  during  the  proper  ]>ertod  lor  the  admis8ion  of  tlic  steam,  and 
let  it  close.  A  aeries  of  such  cams,  suited  to  produce  different 
of  eximnsion,  are  fixed  aide  by  gido  on  the  shaft,  and  tha 

jarm  which  carries  the  rollt-r  is  ao  made  that  it  can  be  shifted 
nys,  and  brought  into  gearing  with  that  cam  vhich  produces 
>per  rate  of  ex|jatisiotj.  lu  ituiuc  cases  the  rate  of  expuUKiun 
3jnst«>d  by  a  fdnglo  cam,  nhifling  endways  along  a  acrew-Kliaped 
;  of  the  filmft  under  tlie  action  of  the  goTcmor. 
50.  SapauiaUa  MMr  Vnlrr.- — A  se|mrate  slide  valve 
onetimes  used  to  cut  off  the  steam  at  an  early  period 
ihe  stroke,  worked  by  an  eccentric  without  lead,  so 
1  this  oxpansion  slide  ^iilve  ib  always  at  its  middle 
tiuu  when  the  piston  is  at  either  end  of  its  stroke. 
longitudinal  section  of  part  of  such  a  valve  is  shown 
ig.  145.  A,  A»  are  obloug  ports  in  the  plate  which 
OS  the  valve  i^at,  and  which  is  usually  tho  back  of 

valve  chest  of  the  ordimiry  slide  valve.  B,  B,  ai-c 
log  port*  of  tho  same  size  and  figure  with  A  A,  in  Ihr 
ing  plate  which  forms  the  \TiJve.  The  %'alve  niij^Iit 
mule  with  only  a  single  upciniig  B,  corrcspondiug  t«j 
agle  port  A;  but  to  give  atnpte  area  fur  the  pdi&!«ftgc  of  the 
bf  tiiera  are  uNually  Several  »ut-li  ui>cinrigK  and  puriK;  whence 
nive  ia  called  a  '^gridiron  vtUire."  When  the  valve  is  in  its 
die  jKmtioii  (and  the  piKton  at  one  eud  of  itit  Kti-oke),  the 
linga  It  are  exactly  opftoMte  to  the  ports  A,  which  are  then 
U  open.*'  So  soon  as  the  valve  lias  moved  in  either  direction  to 
stance  from  ila  middle  position  e(:|ual  t/^  the  breadth  of  one  of 
>pening8,  the  ports  are  all  closed,  and  the  steam  cut  off. 
his  vajvc  is  suited  for  cuttliig  off  the  steam  at  a  very  early 
od  of  the  stroke  only.  The  point  of  cut-off  being  given,  the 
»viQg  are  the  prowsscs  for  finding  the  requisite  prvjwrtion  of 
dih  oj"  openings  to  half-throw. 
ifivr  Metuou: — By  graphic  coaatructiou  (fig, 
),  About  a  centre  O,  deecrihe  a  quadrant  of  a 
le  D  £;  and  let  the  radins  O  D  n:|>rcstiut  the 
'-stroke  of  Uit  piston.  Draw  the  radius  O  G  to 
«wut  the  [lOflitirm  of  the  crank  at  which  the 
m  ia  to  be  cut  off.     From  G  draw  G  K  perpen- 


''i 


l.^.  1  15. 


to  D  O.     Then 


Brertfltli  of  openings 
Half-throw  of  valve 
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BBOWn>  IktrrsoD :  — Bj  calcnbition.     Let  ntio  of  aoiim].  rut-«f 

T5Tt     I 

— ^B=* -f^;th«^iftbecafaaecttiif;n>dialougcomjjaredwitlitiic<zsQk. 

Bre«ithofopMiing»         /  J        /       Sy ) 
H«if-throirifT«i«*V    1^     V~W    J *-^ 

A  peonluuit^  of  thu  valvu  is  Umt  it  rrvpeng  %ta  ports  at  a  paiu' 
Uie  (tfHton  strobe  w  for  di&Uot  &oni  tlw  isnd  aa  R  is  fiom  : 
beginning ;  therefore  it  auout  be  nwd  cxuupt  in  combination  i> 
»  common  slide  valve,  so  a^ju^'ted  as  to  cot  off  the  steun  bci-- 
tfaa  reopeuinj;  of  the  |>orts  of  the  gridiron  expansion  -valra     f«t 
example,  if  the  «x|)onaion  valve  cute  off  at  0-3  of  the  >trok«^  ihc 
common  slido  vnlve  muftt  cat  off  at  or  before  O'S  of  the  stnka 

The  rate  of  expansion  maj  be  varied  by  varying  thv  thn"  '^ 
the  wcpftnwn  valv&     In  mmv  cusinw,  tlu)  auat  of  Uio  expUL>i 
fllido   val%-e  is  formed  by  tbo  ba«Jc  of  the  ordinary  Hlide  vu! 
vhich,  instead  of  Admitting  the  steam  (Nu^t  its  uuter  edges  '• 
porta  through  it  like  the  openings  in  a  gridiron  valve,  and  tr.r 
expansion  uide  valve  is  worked  by  an  ind^ndeut  econtnci  i'  m 
to  close  tJioeo  jMrto  at  the  proper  instanta.     (See  \m\^v  .>oO.) 

The  **  gridiron"  form  is  aoraetimea  adapted  to  th»  nniinary  did* 
valve  in  very  lai7;o  engines — that  is  to  say,  each  end  of  the 
has  two  pHTullel  ports,  and  the  valve  is  fonncd  8o  as  to  i>.n.. 
two  porta  belonging  to  one  end  of  the  cj-lindcr  at  the  aamt:  ium, 
with  the  valve  ohest  and  the  eduction  port  alt^snately. 

351.  IMaM*  Stat  ValTra  Worked  h>  BcMWOlea. — In  the  olpDH 
of  American  Steamers  doulileboHt  valvt'^ are  extensively  UBed^driaB 
by  means  of  eooentrica.  Thfiv  ore  iimally  sepaiHto  ooooatrios  fa 
the  induction  and  eduction  valvun.  Each  uccuitriCf  thnnigh  and 
and  lever,  causra  a  rocking  aImUI  to  \ibmte  to  and  fm;  the  rcckiic 
gfaaft  canics  cams,  wliich,  by  acting  on  ban  and  levent,  lift,  son 
lower  the  valves  at  the  proper  timoa.  Ktxch  cam  is  ao  shaped  ■»(» 
give  a  very  gentle  motion  to  die  val\'o  when  it  \a  nearly  iu 
with  ita  seat,  and  a  rapid  motion  during  other  part«  uf  'ws 
that  the  port  is  opened  and  cIobihI  quickly,  snd  at  the  ■ 
without  shock. 


i 


SrcnoK  3.— 0/CViTKfor»onrf/VstoTw. 

353.  c^omHM  i>umi*v>. — Pylindersareniadeofthutot^hMlMil 
iron  that  can  be  obtained.  The  thickness  require^l  for  the  «lc#  >f 
mere  t«nacity,  to  resist  the  internal  preBmre,  might  be  ualeii]*><f 
^'■■■•m  the  prirrtple*  sTAti-d  in  Artirle  62,  pages  (>7,  *>S,  allowinf '* 
■.<'•  a  li^jiUir  ut  uu.'i>::l^  -,  Vni^  m.  order  that  the  cyl^idur  may  poa^ 
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it  stiffiieBs  -which  ia  oeccsBaiy  to  enable  it  to  preserve  it»  figure 

Ith  great  ooourucy,  it  must  be  made  many  limce  thirkcr  timu  ia 

»ce8Bar7  for  mere  strength.  The  actual  factotv  of  safety  of  the 
cylinders  of  nUxaa  eugtneii,  oa  they  occur  in  practio&  range  from  30 
to  40, 

The  bottom  of  a  cylinder  is  somctiinea  oast  in  one  juece  vith  it, 
wmetimtis  bolt«d  on.  The  cylinder  cover  i»  boltud  on.  Care  must 
1i«  taken  that  the  bolts  have  sufficient  strength  to  vithstand  tho 
loewnra  The  Imttoma  and  covers  of  large  cymidera  are  oftuii  made 
of  the  form  of  a  st^ment  of  a  Kpbere  of  lai;ge  radiuD — in  which  caue 
tiie  two  sides  of  tho  piston  are  made  of  the  same  figure,  in  order 
chat  space  may  not  be  loet  lu  clcamnoe. 

The  cfl'cct  of  the  jacket  haa  alniady  been  fuUy  r^nidderpd.  The 
jacket  ought  to  envelop  not  merely  the  body  of  the  cylinder,  but 
mt  lea«t  one  end  ahto,  and,  if  {HWHible,  Ixith  endn.  \Vhpthci'  the 
cylinder  ia  .jucketed  or  uut,  it  sliuiUd  always  be  clothed  (Article  387, 
]Ji^'i}don  IX.) 

3d3.  In  I>«akl«  Crlindor  Engine*,  the  attempt  should  be  made  so 
to  proportion  tho  cylinders  to  each  other,  tbait  the  steam  shall  per- 
form half  its  vacik  in  the  small  cylinder  and  half  in  the  large.  In 
moat  actual  engines  two-thirds  of  the  work  are  performed  in  the 
nuall  cylinder.  The  following  are  some  of  the  ammgemeuts  of 
double  cylinder  engines:^ 

L  The  earliest  arrangement  of  double  cylinders  woa  WooITs,  in. 
which  the  finialler  or  high  pressure  cylinder,  and  the  larger  or  low 
preasuro  cylinder  fttund  lude  by  side  under  the  same  end  of  a  beam, 
■nd  tlieir  pixt'iuii  move  in  tlie  same  direction  at  tlie  same  liaiv.  In 
thiA  arrangement  the  steam  luunes  Arom  either  end  of  the  small 
cylinder  to  the  opposite  end  oi  the  large  cylinder. 

II.  In  Mr.  M'^Naught'a  engine  the  cylinders  are  under  opjioaiU] 
enda  of  a  beam,  their  pistons  move  opposite  ways,  and  the  steam 
puaes  from  either  cud  of  Uio  small  (^liiuler  to  the  nearest  end  of 
the  large  cvlinder. 

III.  In^Mr.  Elder's  marine  cogine  the  largo  aud  small  cylindeis 
lie  side  by  aide  in  close  contact,  sloping  at  an  angle  of  46';  their 
pistons  mo^-o  opiH>aite  ways  at  the  i>iumu  time,  aud  drive  cranks 
which  |)iiij(«t  in  opjwaito  dircciiona  from  tho  ahait,  with  a  view  to  the 
ivdiiL-lion  of  the  prewures  on  the  bearings  of  the  shaft,  and  the  con- 
sequent friction,  to  the  smallest  amount  possible  witli  two  cylin- 
dera     A  tdmilar  pair  of  cylindcxK,  sloping  the  opposite  way  at  tiie 

^^jftue  angle,  act  on  the  same  [uiir  of  cranks. 

^HTrV,  In  Mr.  Craddock's  engine  the  lan^e  aud  small  cylindcra  are 
^^vde  by  Hide,  aud  their  pistons  move  for  tho  greater  part  of  tb 
W    course  in  opfiositc  directions,  and  drive  a  jnir  of  rwari;/  oyjpt 
I     cranks.     In  order  to  fiiciiitatc  the  passing  of  the  (iuoA  v-^V 


i 
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I 
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enly  one  piur  of  cylinders,  the  rtrokc  of  the  sm&ll  crUndrr  U  i 
Bomcwbat  in  advance  of  that  of  the  largo  cyUnrUT;  Uie  efie 
which  is  that  the  stAaro,  after  ha\*iQg  been  <\Y[iaDdt*d  nntSi  it 
the  small  cylinder,  is  not  immediately  admiUvd  inbi  the 
cylinder,  but  is  6ifit  re-oomproned  to  &  certain  extent  in  the 
cylinder,  and  thrn  admitted  into  the  lai;^  cylindt-r  to  c:l[ 
The  ultiniatti  exjiansion  ia  exactly  tlie  name  na  if  the  strokes 
cylinders  were  simnltaneoDajAzuliMaltR)  is  the  pffidenc^',  pnmdedj 
-waste  of  heat  by  oooduotioa  takes  plaoe  during  the  t«>m|M>n 
prewiion  of  the  ttttmm.  Mr.  Cniddwk  propoees  to  canj  th*] 
of  Uio  stroke  of  the  email  piston,  in  Home  oaaes,  as  fiu*  aa 
of  a  revoluUxm;  l>tit  it  upfjenrs  from  expenment  that  a  Ioh 
advanoe,  mioh  as  onc-aixth  or  one-twelftii  of  a  revolution,  a  nffidaA 
to  enable  thu  dttulpoint*  to  be  easily  passed;  and  it  is  not  dcsinUa 
to  canT'  the  advance  beyond  what  is  neoessaiy  for  that  porpoK 
because  of  tin-  dcnuigoment  which  it  prrMtuocw  iu  tito  action  of  lie 
steam  when  tiio  motion  of  the  engine  is  re\-cn«d. 

354.  The  C— Cftric  m-  Darlcx  Cjltmd^r  uf  Mr.  Dartd  Rovui, 
comtistfi  of  a  acuallcT  e\-linili-r,  into  whii-h  the  steam  is  fint 
admitt4>d  and  bt^ns  itfi  fxpautdon,  oontmned  within  and  oobms- 
tric  with  a  largu  cylinder,  iu  which  the  cxpansinn  is  conthuud. 
and  is  equivalent  to  the  two  cylinders  of  a  double  cylinder  aipak 
The  inner  pi)<tou  ib  of  the  common  shape;  the  out«r  is  ring-i 
and  hnx  pnckiug  not  only  on  its  outer  Rurfiuw,  but  also  on  its 
Burfiioo,  which  tdides  on  the  outaide  of  the  inner  cylinder.  He  i 
piston  rod  of  the  inner  piston,  and  tJie  two  piston  rods  of  the 
piston  are  fixed  to  one  cross-bead,  so  that  tht!  two  pu*tona 
together,  and  the  steam  has  to  pass  from  either  end  of  the  inaer 
cylinder  to  tlie  up|Kwite  end  of  the  outer  cylinder.  The  steam  i> 
Buperboatcd  sufliaently  to  prevent  condensation  to  an  injnriow 
extent  in  cither  cylinder. 

imrt.  Trr*j«  c^riiadrr  BhcIbcs  diffiT  from  double  cylinder 
merely  in  having  a  pair  of  lai^  cylindt^ra  for  the  continuatimil 
the  expansion,  one  at  each  side  of  the  smull  cylinder,  instead  of  i 
lai-ge  cylinder. 

In  5lr.  Elder's  treUe  cylinder  engine  the  piston  of  the 
small  cylinder  drives  one  crank,  and  those  of  the  two  lateral 
cy!inder«  drive  a  pair  of  cranks  itointing  the  c^tposite  wny  to  tHf 
middle  crank.    If  half  the  work  is  i^K-i-fomird  in  the  middh-      '  * 
dcr,  and  theother  half  divided  equally  l>ctween  the  lateral  c>ii- 
there  is  an  exact  balance  of  pressures  on  the  nhaft,  and  the  irictiao 
of  ita  bearinga  is  simply  that  due  to  the  weight  resting  on  them. 

Tn  Mr.  J.  M.  Rowan's  Ireble  cylinder  engine  the  rods  of  the  smiU 

middle  piston,  and  of  the  two  large  lateral  pistons,  are  all  attacItMl 

t  the  three  pistons  move  tOjgctber.    Th« 
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i^entent  is  oompftot,  and  convenient  for  osciUaiiog  engines,  to 
it  is  applied 

6.  B«d  I*  Snd  D««bia  CriiKdcr  KMctB«, — In  tlu8  engine  (Mr. 

i)  tha  steam  b<^ina  iU  actiuu  in  one  end  of  a  small  cylinder, 

oompletcfl  it  in  the  op|>osito  end  of  a  large  cjrlinder;  the  two 
Ij^lindera  are  plftctsd  end  to  end,  and  their  pistons  are  attached  to 
ana  rod.  The  siuee  bctweva  the  tvo  piKtons  communicatva  with 
me  condenser,  and  in  a  paitial  Tacnum  at  nil  times. 
P  357.  DMbic  PM*«  BBafaia.^ — In  this  engine  (Mr.  Carrett's)  the 
■fawm  ia  first  admitted  to  and  begins  tta  expauaion  in  one  end  of  a 
oyliDder,  and  finishes  its  expansion  in  the  opposite  end.  Tho 
fonner  end  has  its  capacity  dimiuished,  ao  a«  to  be  equivalent  to  a 
null  cylinder,  by  means  of  a  plunger  of  sufficiently  large  diameter, 
UTiug  one  end  fixed  to  the  piston,  and  passing  through  a  packing- 
irittg  in  the  cover.  Tlie  other  end  of  the  same  plunger  acts  as 
plunger  of  the  air  pump. 

r  366.  Am  OKiiiiuia«  vyUmatrhmaanted  on  gudgiiims  or  Crnnniont, 
\gBOanl\y  near  the  niiddl«  of  its  length,  on  which  it  is  capable  of 
■w»ying  to  and  fro  through  a  Rmall  arc,  so  as  to  enable  the  ]>i»toa 
rod  to  follow  the  moremeuts  of  the  crank,  to  which  it  is  directly 
attached  without  the  intcrvpntion  of  a  conncctiug  rod.  This  con- 
struction is  very  advantageous  in  jKiiut  of  economy  of  space  and 
Vi%ht 

I  The  trunnions  are  hollow,  and  are  ooonectcd  by  steam-tight 
lotnts,  one  with  a  pteam  pipe  leading  from  the  boiler — the  other 
vith  an  exliaust  pi|)e  leading  to  tlie  oondonser.  The  valve  chest 
Dacillu.t««  with  the  cylinder.  Variou.4  arrangemenU  are  used  to 
wlapt  the  valve  gearing  to  the  oscillating  motion  of  the  cylinder  and 
rslre  chest;  (me  of  the  simplest  being  to  communicate  motion  from 
the  eccentric  to  a  sliding  rod  on  which  is  a  cross-head  of  tho  form, 
of  an  are  of  a  circle  descriUnl  about  the  axis  of  the  trunnions  when 
the  vulvo  is  in  ita  middle  [losition,  and  having  in  it  a  tilot  of  the 
»me  figure;  in  ttiat  slot  ia  a  sliihir  attached  to  the  end  of  a  lover 
irm  projecting  from  a  ruckiug  shaft  carried  by  the  cylinder; 
knotber  ann  projoctiug  from  that  shaft  moves  the  dide  valve  rod. 

359.  ••ci«r  crUmdtin. — In  some  American  steamers  the  place  of 
ui  ordinsTT  cylinder  is  supplied  by  a  sector  of  a  cylinder,  in  which 
i  rectangular  piston  o«*cillutes  to  and  fro  like  a  dour  ou  iU  hinge, 
Cn  the  position  of  the  hingti  is  a  nuking  shaft,  to  which  the  piston 
is  fixed ;  and  by  means  of  an  arm  projecting  from  one  of  the  outer 
mds  of  that  shaft  and  a  oonnectiug  rod,  motion  is  oonununicated  to 
he  crank. 

360.  In  RMatafT  ■chsImm  the  place  of  an  ordinary  cylinder  la 
nppliod  by  a  vesst'l  of  the  siin\K  of  a  cylinder,  a  zone  of  a  sphere,  or 
oma  other  solid  of  revolution,  tmvcrseU  uiou^  tlie  directioaoS  ijjb 
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ajua  by  a  abaft,  wliich  corriea  a  revolving  piston  of  a  mitahtt*  thmpL 
A  partitiOD  divides  the  space  between  the  piston  and  tbo  crUuiier 
into  two  parttf ;  tbut  partiuon  b  eo  wnstructevl  an  ntit  to  otntcwt 
the  raotion  of  the  piston  ;  in  gecci-al  the  jiartition  mares  ande  t* 
lut  tbo  piston  pass.  The  st^-Am  is  admitted  into  tho  i^iaoe  bohiad 
the  piston,  cnt  otf  periodicallj  if  reqoired,  and  discbarged  from  tfaa 
apace  in  fix>ut  of  tho  pLitou ;  and  so  tiie  piston  is  driven  continnuniljr 
round.  The  number  of  rotatory  engines  which  have  been  (mteuted 
in  Britain  alouo  is  certainly  upwards  of  two  hundred,  and  perluipi 
oonsiderably  more;  but  very  few  hare  been  brought  into  practieil 
oponition,  and  thoAe  to  a  limited  extent  only ;  for  their  &icbon  and 
liability  to  wear  have  been  found  to  bo  greater  than  tiioec  of  unli- 
luuy  enj^nee,  and  they  have  no  advantage  except  compaotneBik  Hn 
moBt  Buocesaful  appear  to  have  beea  the  Eori  of  I>uudoiudd'a^  and 
Mr.  David  Napier's, 

3G1.  niM  KagiHr. — This  engine,  the  invention  of  Mr.  Bbhflp, 
bas  Iwcu  used  with  ancc««<8  by  AleBRnL  llennie  Jc  ^>n  to  drive  tcrrv 
propeUora.     Fig.  147  is  a  sketch  showing  its  general  nature  only. 

without  any  detAiIa,  The  cylift- 
der  is  shown  in  section,  tbe 
piston  in  elc^'ation.  Tim  cylin- 
der, or  vessel  which  actd  as  a 
cylinder,  is  bounded  latetallf 
by  a  sphorical  tone  A  A,  and 
endwise  by  a  pair  of  cool's.  B,B, 
whose  apiece  coincide  with  the 
centre  U  of  ilie  ^phe^^  The 
piston  is  a  flat  cirunlar  doe, 
D,  fitting  the  interior  of  tbf 
sphcricul  7<mit  rmiud  its  edffi 
E  K  is  a  fixed  partition  in  the  cylinder,  ahai)etl  lik<!  a  secUv  of  ■ 
circle;  a  radial  slit  in  the  disc  fits  thin  partition,  Tho  lUsc  is  lUfd 
to  a  hall,  C,  being  the  joint  on  whicJi  it  turns ;  and  from  tlwt  Ull 
projocts  a  rod  F,  pcTfrf^ndioiilar  to  the  pluuc  of  the  disc.  Tliis  t»:»l 
acts  in  a  maimer  as  a  crank  pin ;  for  its  end  fits  into  a  round  h»4e 
at  the  end  of  the  crank  G,  which  is  caTrivd  by  the  ahait  U.  who* 
axis  ooincidM  in  direction  with  the  common  axis  of  the  sidiericj 
zone  and  of  the  two  conea  By  the  disc  B,  and  partition  £  E.  Ui« 
cylindei-  is  divided  at  each  instant  into  fonr  spaces,  two  of  wfaicii 
are  culai^iug  while  the  other  two  are  cuntraotuig,  ae  the  cnuik  0 
revolves ;  the  steam  is  admitted  into  Uie  two  former  s|au»s,  ' 
discliarged  from  the  two  latter  spaces,  by  porta  near  tbc 
E  B,  and  can  be  cut  off  if  required  by  »n  expansion  valwp; 
the  disc  U  twvAe  tA>  take  a  sort  of  motion  of  mitniivt*^  an<l  the  crvik 
■hafl  ia  driven  roxinOi.    TWt  wi^-a  \i.v:.^  X^A^Ketai  Lh«;  abaft  aai 


Fig.  147. 
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pin  la  onc~baJf  of  the  ancle  between  the  sidea  of  the  twu 
B.R 

the  angte  B  0  F  =  '.  Let  r  be  the  iDtorual  ntdios  of  Uie 
ical  xoue,  r*  that  of  the  hall  C.  Then  the  volume  swept 
(h  by  the  disc  mi  each  ivvolutLou  is 

8-377G  {fi-i^  an  i; (1.) 

eqnnl  to  twice  the  capacity  of  the  vest<el  which  acte  aa  a. 
_Jer,  and  being  also  the  i)rcwluct  of  the  area  of  the  disc. 
H6  ('*-»"),  and  the  mean  distance  swept  thrmigh  by  all  partfi 
^  surface  in  directionH  perpendicular  to  themselves  during  each 

lotion,  ^  ■  ^zy^  '  **°  *• 

.e  Tulume  f;iveu  by  the  formula  1  correepowiU  to  tliat  which, 
mpiiting  tho  power  of  common  <Ionhle  acting  Ateam  Hngioes,  is 
;d  by  muiti|>lying  the  area  of  the  piston  into  twiou  the  length 
single  Rtroke. 

2.  PM«B«  HBd  PacbiBg.^ — Oi-dinary  pistons  agree  pretty  nearly 
figure  and  proportions,  with  the  description  of  a  piston  for 
ter  pressure  engine  already  given  in  Article  137,  page  129; 
instead  of  the  hempen  pricking,  metallic  packing  is  univentolly 
made  of  brass,  or  of  cast  iron.     fig.  iiS  represents  one  a£ 
mo«t  complex  niTangements  of  metallic 
ing,  widi  the  junk  ring  (aa  it  is  still 
1)  rouiovciL    Thtre  are  two,  or  aomc- 
thrce,  ringH  of  i>arking,  ear.h  con* 
ing  of  an  uuliT  and  inner  eirelc  of  arcs 
metal,  built  together  ko  as  to  break 
t,  and  pressed  outwanU  again^  the 
or   of  the   cylinder    by   meuns    of      w.*--^^^      -«■  - 
iga.     Much  simpler  aiTangemenw  ara        \^^^^^  *^'^ 
used,  etipeeiolly  one  in  which  tbero 
ly  a  angle  packing  ring  divided  at 
point,  and  pressing  against  the  sidoa  ^*^'  ^*^' 

the  cylinder  by  its  own  elasticity,  which,  as  it  is  orijfliuOly  mode 
of  iL  radius  u  Hltle  lut^'cr  than  that  of  the  cylinder,  cnusee  it  to  toiul 
to  expand  The  gap  at  tJie  point  of  diviAiuu  ia  sometimes  fiUad 
by  a  tongue  piece  murtiuHl  into  the  endu  of  the  ring;  somctimeal 
aamall  wedgft-formed  block,  pressed  outwarthi  by  a  spring  bab* 
itk  Mr.  Ramsbottom's  pbton  for  locomotivee  hus  a  cylitul 
surface  turned  to  fit  the  interior  of  tlie  cylinder  IocjaqIj;  3 
that  cylindrical  surface  are  three  parallel  rectangular  groorai 
filled  liy  a  single  pricking  ring  of  srptare  bm&s  wire,  mofi 
about  an  eighth  of  on  inch  each  way  j  each  of  the»e  rings  ii 
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at  one  ptnnt^  and  prease*  oatwuvU  against   Ui< 

eUsticity,  like  the  single   packing   ring   boiun-r< 

points  of  divljuou  art*  |^tl»ced  At  the  lower  side,  whcfre  tbc  boiti 

tbfj  piston  t<Mic-}im  the  rylindcr.     The  niri^es  of  metollii:  ]at^'' 

are  very  numeruua;  but  they  differ  chieBy  in  pointa  of  doUuL 

Hemp  is  freipiently  used  as  an  elastic  material  behind  mebSc 
puking,  to  keep  it  pressed  against  the  cylinder. 

HetttUic  rinf^  nr  piccm  of  sheet  braaa,  packed  b^iind  vith  heq^ 
are  nied  also  for  the  packinff  of  sttiflmg-boxea. 

36:1,  riMMi  !!•«•  Bad  Tnnk*. — In  most  en^nes,  each  piita 
haa  but  one  rwl.  6tt«d  at  one  end  iuto  a  conical  socket  in  tb 
oentn  of  the  piston,  and  fixed  by  means  of  a  gib  and  cottw, ' 
ecrew  and  nut.  I'he  pinton  rod  panes  through  a  rtuffing-hox  i 
the  centre  of  the  cylinder  cover. 

In  acme  marine  cnginea,  two  piston  rods,  and  in  §ome  fonr,  an 
attached  to  one  pitrtou,  and  traverse  a  correeponding  nombs  4 
ctuffing-boxes  in  the  cylinder  cover.  These  arrangeDienta  Ibm 
part  of  peculiar  syBtenu  of  mcchaniam  for  ooonectiug  the  piiton 
with  the  crank. 

A  trunk  w  a  tulmlnr  piston  rod,  nsed  to  enable  the  oomHeting 
rod  to  bo  jointed  directly  to  the  piston,  or  to  a  very  diort  inwr 
piaton  rod,  so  as  to  save  room  in  marine  engines.  The  width  of 
t)>e  tnuik  must  be  sufficient  to  give  room  for  the  lateral  motion  of 
the  connecting  rod. 

As  to  thu  strength  of  pinton  rods,  860  Article  71,  pagea  73.  71 
In  oompntinff  the  streas  on  a  piston  rod,  the  greateat  praasure  cf  the 
steam  must  be  taken  into  aocmiiit.  Tlio  usual  fiuicr  ^  m}4^'^ 
about  6  or  7 ;  but  in  some  caaeti  it  is  as  low  aa  5,  and  in  othen  ■ 
high  as  10. 

364.  HiMwd  ar  PiatoRa. — ThA  speed  of  the  pirton  of  an  engine  ti 
usually  expn^ssed  in  ft^  per  vnnute,  the  whole  motion  being  iakca 
into  account  in  double  acting  enginea,  but  the  fonvard  strokm  only 
iu  single  acting  euginen,  as  has  already  been  explained. 

An  opinion  at  one  time  pre\-aile<l,  tliat  tliere  was  an  advmDtaa 
in  making  the  real  iipeed  of  pistons  follow  the  role  laid  down  a 
Article  336,  page  479)  for  calcuhtting  the  fictitious  syiccd  assonied 
in  oomputations  of  nominal  horae-power;  and  ahhongh  that  opinioD 
haa  been  nliown  to  be  gmiindlesit,  the  ordinary  speeds  of  the  piHtooi 
of  stationary  engines  and  marine  paddle  eng^ea  do  not  oifttt 
deviate  much  from  those  given  by  that  rule,  and  range  acoordin^y 
from  about  130  to  300  feet  per  minute.  But  in  marine  screw 
engines,  and  iu  locomotive  on^^'inesi,  8|X!cds  of  piHlou  are  used  raDg- 
ing  up  to  9U0  feet  per  minute  and  more,  with  advantageons  resulta 
American  engineers,  hy  giving  ^niit  length  to  the  cylinder  and 
crank,  obtain  a  higLjua|^of  piaton  in  paddle  enguoee  alsa 
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ach  as  the  work  performed  hy  the  |HstOD  iu  on  unit  of  time 

thv  product  of  the  effort  into  the  speed,  it  follows  that  a  high 

"  of  piston  involves  a  email  8trw«8  ujwn  the  machinery,  hearings^ 

Immevork,  and  consequently,  a   xmall    amonnt  of  friction; 

rniniNtanoes  fWvouiable  to  Ugbtm^tu,  luid  to  economy  of  cost  and 

[of  pow<T. 

The  velocity  of  the  piston  I>eiog  proportional  to  the  length  and 
nnency  of  the  strokes  jointly,  there  are  two  means  of  obtaining 
high  Telocity:  great  length  of  sti-oke,  imd  great  frequency.     Of 
two  means,  great  length  of  stroke  is  to  be  preferred,  when 
is  no  reasou  to  the  contraty;  because  great  frequency  of 
requiring  rapid  reversal  of  the  motion  of  tJie  piston,  and  tktt 
masses  which  move  alotig  with  it,  pixiduees  [>eriodical  ittnun^ 
rasaon  of  the  inertia  of  those  mn£s<«,  which  to  a  certain  extent 
tralin>  the  benetitt  arising  fruiu  the  saialliieaB  of  the  mean  effort 
,erte<!  tbrouph  the  piston  rod. 

The  limit  beyond  which  the  velocity  of  the  jnatoa  cannot  with 

vantage  be  incrwwwl  is  not  yet  known.    There  must,  however,  ba 

tfuch  limit,  becauae  of  the  increase  of  the  resigtanoe  to  the 

of  the  steam  through  puHuuges  with  increased  velocity  of  its 

(Bee  Article  290,  pa^  413  to  417 ;  Article  340,  page  485.) 


Sbctiok  i.—rO/ Condenser*  and  Pumps. 

36'^.  vratr*  Condeaacr,  being  that  which  is  mo«t  generally  cm- 

Dyed,  is  a  cust  iron  vessel  of  any  convenient  8ha|ie,  and  strong 
longh  to  beai'  the  fttmosphenc  pressure  from  without,  in  wliit-h 
le  waste  steam  from  the  cylinder  is  coudenaed  by  a  shower  (^  oo. 
[Water. 

The  capacity  of  the  condenser  in  Watt's  original  engines  was 
of  that  of  the  cylinder ;  but  according  to  present  |>racticu,  it  nmgce 
from  -^  to  K  and  sometimes  even  more. 

The  area  of  the  injwtum  va/m,  by  which  the  omdensatiou  water 
is  intrmlucod  into  the  condenser  from  the  cold  wkH  in  land  engines, 
and  from  tho  sva  in  marine  engines,  is  commonly  lixvd  by  one  or 
other  of  tlie  two  fottowing  nites: — 

A  scjuare  inch  per  cubic  foot  of  water  evaponited  by  the  boiler  per 
hour,  or 

%it  of  the  ares  of  tho  piinton. 

Id  Chapter  III.,  8<>ction  5,  of  this  Part,  formnlie  have 
tar  oomputitig  the  net  quantity  of  injection  wsUt  roq 
dense  tne  steam  in  enginee  of  various  kinds,  for 
■wppt  through  by  the  piston.   The  velocity  with  which 
water  flows  towards  the  condenser  at  the  ccrtura/ied  i 
44  ftwt  per  second.     Taking  U'tiii  aa  the  co-etidiru-nt  of 
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the  Tvlodty  of  flow  roduced  to  the  area  of  the  orifice  itself  U  fond 
to  be  27  feet  per  second,  or  1 ,620  feet  per  miuoteT  ueaziy.  Tu  find, 
therefore,  the  proportkm  of  Uui  iujucilon  onfico  to  the  Artt  «C 
piston,  necesMory  in  order  to  ntipplv  the  net  qn&Dtity  of  isjectiaa 
water,  we  have  the  following  formiua : — 

net  area  of  orifice  ^      ,  *  -  •    ^  ^  »^   *  ^ 

yr—. =  net  Tomme  of  mjectioa  »ater  per  tfano  fisot 

area  of  puton  '' 

swept  through  bj  piston  x  velocity  of  piston  in  faei  yue 

minnte-*-ie20; « ^) 

but  it  api»cars  from  ordiiwry  pmotice,  that  to  provide  for  oontis* 
gences,  the  injection  veJvh  miixt  be  made  c^iablu  of  introduoiiig, 
when  required,  about  dottble  the  net  quantify  of  ii^eotiaD  wftt«r 
found  by  calculation ;  benco  81U  ig  tob«  taken  €U  th»  din»OT  m  fiU 
cdnnT /orv%ult%  instwd  of  1,620.  This  gives  results  nearly  agreaisg 
with  those  of  the  practical  rules  first  cite<L 

In  marine  engines,  ther^  is  sametiroes  an  injection  valve  leadtaf 
from  the  ship's  bilge  into  the  condeiiscr,  which  is  o{>ened  only  when 
the  leakage  of  wat^r  into  the  ship  threatens  to  become  too  gnu 
for  the  ordinary  bilgu  pumps.  On  snch  occasion^  tiie  otdiouy 
injection  valve  is  dosed.     (Sw  page  ^52.) 

366.  The  €*M  Waier  P«Br>  by  which  in  low  preeanro  land 
engines  the  cold  well  is  supplied  with  water,  must  be  made  nf  C8{»- 
citv  suflfirieut  to  supply  double  the  computed  net  iujection  water. 

3C7.  The  Ah*  Pamp  (Article  337,  Di\T8ion  XVL,  page  481),  wben 
single  acting,  is  usually  of  a  capacity  from  one-ji^  to  on^tuokA 
that  of  the  cylinder;  when  the  air  pump  is  double  actiuc.  it  mnyd 
course  be  made  one-half  smaller.  The  valves  through  ^ 
draws  the  water,  steam,  and  air  from  thu  coudcusor,  are  ni,-.  . 
vaivm;  thoeo  through  which  it  discbarges  thoae  fluidf*  into  Uk-W 
vmU,  dilivmy  valves.  A  single  acting  air  pump  has  iittcket  vaUm 
opening  upwanls  in  ita  piston.  Flap  valves,  and  otliCT  dadcs  d 
various  fonns,  are  used  as  air  pump  valvea  As  to  th« 
Indian  rubber  flap  valves,  now  \*ery  geni-Tally  erafiloyed,  sea 
118,  page  133.  The  rotio  of  the  an-a  of  the  valve  panagee 
of  the  air  pump  piston  ranges  in  diHerent  envies  from  ^  to  eqi 
being  made  grtJiter  as  the  speed  of  that  piston  is  greater, 
the  velocity  of  fluids  pumped  may  not  in  any  case  exceed 
or  13  feet  per  second.     (See  next  page,) 

The  surplus  water  from  the  hot  well,  over  and  abore  that  whidi 
is  drawn  away  by  the  feed  .pumpi)  (Article  31  (i,  pa^  164),  is  d*> 
char^oil  by  xnaniit^  en^Tvca  into  the  sea ;  and  by  land  onginei^  It 
tbtre  is  Kuf&cwut  ^rco\\Vl^A^^^AJ^^'^ATi^^ift■'5oa^«w\^\\^d^tobe 
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I  368.  RarAce  €««dnwrr«  possess  the  advantages  of  preserving  the 
Tmritv  of  the  water,  by  returning  to  the  boiler  tlie  some  water  over 
Kud  over  agiiin,  without  the  admixture  of  condensation  water  from 
without  ((»e  Ai-ticle  321,  page  4'»S),  and  of  saving  the  power  which 
is  ex[»endiKi  in  pumping  the  eondenwition  water  out  of  the  common 
condenfter.  Surface  condensation  app«irn  tt»  Imve  bc«n  employed 
at  an  early  period  by  Watt,  but  aflei-vf-anls  ahfindoned  by  him  for 
condeiii^tiott  by  injection,  on  account  of  practical  difficulties.  ^ 
Various  surface  condensers  have  since  been  tried  at  diH'en^nt  timcn  H 
with  more  or  lea  aucceea.  Those  of  Hr.  Samuel  Hall  were  fitt«d 
up  in  several  ateamera. 

A  Hur&co  condeiwer  consists  generally  of  a  great  numbfr  of  ver- 
tical tubes,  about  ^  inch  in  diameter,  united  at  their  upper  and 
lower  ends  by  iiiea.na  of  a  ];air  of  flat  disc-Rliaped  tcsbbIs,  or  of  two 
nets  of  radiating  tul)e«,  or  in  some  other  convenient  mannra".  Thin 
set  uf  tubes  is  enclosed  lu  a  casing,  tluMugh  which  a  suflioient  qiuin-  fl 
tity  of  cold  water  is  driven.  Tho  ateam  being  led  by  the  caduiiiat  V 
|)il>c  to  tho  upper  end  of  the  set  of  ttibos  is  condensed  as  it  de^icends 
thniugh  them,  and  arri^'en  in  the  state  of  liquid  water  at  the  lower 
end  <.>f  the  apjointtus,  whence  it  is  pumped  away  to  feed  the  boiler. 

Where  condensation  wat^r  v^  scarce  or  impure,  it  m&y  be  do- 
minble  to  condense  the  steam  by  the  contact  of  cold  air  with  the 
atside  of  the  tubes.  To  overcome  the  chief  difficulty  of  this  firo- 
wliich  oonslsta  in  producing  a.  siifTiciently  rapid  circulation  of 
over  the  tnbai,  Mr  €raddock  makes  tho  wholo  ajiim-atus  of 
tubes  rotate  rapidly  about  a  vertical  axis. 

Some  re);nlts  of  experiment  as  to  the  efficiency  of  r^ooHng  snrfhee  h 
in  condi'iising  steam  have  »ln»dy  been  given  in  ArUcle  1*22,  pBge^| 

16.     The  greatest  of  those  resnlts  (that  recently  obtained  by  Mr. 
foule)  was  the  cffi^'ct  of  audng  each  condensing  tube  in  uu  outer 
ilie,  and  driWng  n  current  of  cold  wat<T  through  the  annular  f^paeo 
between  the  inner  and  outer  tubes  in  a  direction  oontmry  to  that 
of  tlie  mtitiou  of  the  condensing  utejim.     To  these  data  raay  be^ 
addr<l  the  result  of  some  recent  ex}ieriments  on  a  marine  engine,  in  ^| 
'Which  the  rate  of  siurfaoe  condensation  in  half-inch  brass  tnbtit^l 
■nrrounded  by  water,  estimated   thoorotieally  from  the  indicator  V 
diflgmms,  was  between  3  uud  4  Iba.  jn-r  tapmre  foot  of  surtiice;  the 
'vaciram"  in  the  condenser  being  13  lbs.  on  tlio  square  inch,  and 
I  Absolute  pressure,  therefore,  of  uuooudcnw.'4l  steam  uud  air  about 
lb.  on  the  square  inch. 
In  a  mArine  enghie  with  a  surface  condenser,  tho  loss  of  water  is 
supplied  by  mewui  of  a  distilling  apparatus. 

Addicxdcx  to  Article  SffJ. 
The  MirtiM»c«  <f  Ae  Air  Panir  b  eqidvaliDt  to  ot  bfcdfc- ymmmt  tw  ^""fc  *^^ 
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&Kcrjoir  5.-0/  Cvtrnwriimg   Ifiifl— '■■ 

tnMAanwm  ia  meant  the  series  of  piece*  throa^  vluck 
eommvnicatBd  &om  Uie  putoo  rvd  to  tlia  pieoe^  whedwr  » i 
■baft  or  M  redprocBting  rod,  bj  vhidi  the  uHfv]  work  ii 
With   tvKpKt  to  oonD'x-ttQig  roechaniini,  steam  «npmm 
divided  iuto  two  great  cliuawd: — 

L  Bmm  Sttgintt,  io  which  the  pi>t<ni  rod  ia  connecied  I7 ; 
of  a  1'"^,  with  ODd  end  of  a  60am  or /anr  osoillating  abcwtai 

tb«    other   eui 
beam     beang    001 
b/    a    link  a 
ing  rod  vith  the 
tod   en-  with   Ux- 
according  aa  Uu 
tt»  uun-rotaixTe  a 
tive.     The    engioe 
us  an  iUmitratioti  in 
Ucle  389,  6g.   130,  b  ft 
heam  engine  of  the  onlir- 
naiy  kind;   bat  m 
beam   ia    there  otnit 
fig.  149  is  added 
the  general 
of  meclianism  iu  Ruch  au  engine. 

II.  hired  acting  engiiitt,  in  which  the  pomp  md  or  the 
as  the  ca^e  luay  be,  is  connected  with  the  ptfttoti  rod,  either  dii 
or  by  meaiiH  of  a  connecting  rod  only.      The  f^ngiue  uied 
illuHtratian  in  Artido  344,  fig.  137,  vb  direct  acting. 

370.    Fvrrea    ArllMy  an  Braw   ami   t}jUwt4mt, — -lu    a   beam 

the  velocities  of  the  two  ends  of  the  beam  at  any  given  inntant  mi* 
to  each  other  din*ctly  us  the  lengths  of  tht;  two  arms  of  the  bcuD: 
the  alternate  pulU  and  thrusts  exerted  on  the  two  t^nds  of  the  bctu 
by  llio  piston  rod  and  connecting  rod,  being  inventely  as  the  velod- 
ties  of  tlifir  points  of  application,  are  to  eadi  other  invenely  aa  tk* 
lengths  of  the  uniis  of  the  bi-am. 

The  bearings  of  the  "inain  rentro,"  or  gudgeons  of  the  beaiii« 
haw  to  siistaiu,  when  the  etiKiiie  in  at  rest,  the  weight  of  the  besm 
and  the  parts  which  hong  fmm  it:  whentho  beam  is  in  modon,  tht 
fflim  of  the  forcea  exvrtvd  by  the  piston  rod  and  connr-ctinr;  rod]' 
a*Idfd  to  that  weight  dming  tbo  down  stroke  of  die  platou,  and  su| 
traetod  from  it  during  the  up  ^tl-uke. 

The  cyUitduT  in  \>rua»^A  «>\.\>rcua.v^V^  tVn'«\i>'«>«.TA3L  wcA  >»;^><rurds  viUi 

a  foz«o  equal  ft»d  opo^ktti^k^  ^B«i^  «&  •'^«i  **W5».  *»a.^a6«.-^paft«»- 
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[  tbe  slrengtli  of  the  fastemngs  of  the  cylinder  to  the  fnunework 

bd  reguuied  acoordiiigly, 
fl.  B«oM  mm  CwmmtL  pia— vtr-Wfct«i.— The  whole  foroe  exerted 
oouiccting  i*od  uu  the  crunk  pin  uuiy  W  i-esolvod  iiito  two 
lar  oomponrtitB,  m  in  Article  2;t,  iKigf.  31 — a  latgral/orce 
aiong  the  crank  towu-dd  or  from  its  nxia  of  rutatiou,  produo- 
slyjjressiire  od  tho  beariugii  uf  the  simft,  aud  nn  ^ort,  acting 
to  the  crank,  iu  the  direction  of  motion  of  the  cmnk 
.by  m«ana  of  which  effort  the  resistiuice  of  the  machinery  driven 
jiue  and  work  performed. 
'  find  the  ratio  which  tlmt  effort  heuni  to  the  effort  exerted  by 
ou  the  pi»luu,  iu  any  given  position  of  the  uechaniBm,  it 
aent  to  know  the  ratio  of  the  velocity  of  the  crank  pin  to 
of  till.-  piston;  for  t/te  ^orts  are  inversdy  as  Me  vd<Ki^. 
following  are  the  methods  by  which  that  "velocity  ratio"  is 
at  any  instant  :— 

SB  J.  In  a  be-am  engine  (fig.  ISO)^  let  C,  be  tho  axis  of  mo- 

of  the  beam ;  C,  that  of  the  crank  shaft;  T,  T,,  the  connecting 

T.  being  the  oentru  of  the  criink  pin.     At  a  given  instant,  let 

the  Telocity  of  T,,  whicli  can  be  deduced  horn  that  oi  the  pis- 

,  as  in  Article  370;  r,  that  of  Tj. 

L'o  find  the  ratio  of  those  velocities,  produce  C,  T,,  Cj  Tj,  till 
inieivect  in  K ;  K  is  the  "  instantaneous  axia"  of  the  connect- 
[rod,  and  the  velocity  ratio  in  qucetioQ  is 

*i:t^::K^,:K^, (1.) 

Id  K  be  inconveniently  far  off,  draw  any  triangle  with  its  sides 
tively  parallel  to  C,  Tj,  C,  Tj,  and  Tj  T,;  the  ratio  of  the  two 
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Fig.  150.  Fig.  151. 

^dda  first  meulioucd  will  he  the  velocity  ratio  required.     F* 
iw  C,  A  punUIel  to  C,  T„  cutting  T^T^Sa  K\ 

ifi  :t^  ;  :C,A  ;  C^T^. 


*ij 


cnnk  pin  U  dw  ^10  ••  A» 

f«4oa 

It  U  b7  <Ui  |«wni  <h^  ^ 

ptriaiiad  teumt  ami  d^eimnr  «^a 

V  il»<  VMUmb  BlMr  iiiiiiiiii  m  Artieir  Si; 

•ml  LhfviMt.  hf  dw  ■iaftnfc  «i|ii' 

il>  1  hkimmK  «J  t— wia  irf*  rt-r 

1 1  '  i'n»  of  fpoad  ouaed  hf  that 

T.'t  tnmmMfrp  «iig|iiM  natdn  no  fly  ^Jiuh;  far  ti  tti 
f  -opellerfWbciUMriMMUIecriaTV.Mdn 

II  .        .  fii^ne,  nfflce  to  prewt  fLuwiw  flw- 

i»'mi  ■•■tani^^-At  two  ituttanta  ia  eub  fcrolgUa*.  thi 
iltn^'li'iit  (>r  iltn  crnnk  raineideii  with  tbc  line  of  oonnaaMii  (■ 
•tiMi^ltt.  ItiHi  j(ihiiii({  tiMiciiiitruaof  the  joioU  of  tlie  oonneetific 
TttK  |ii>iilti(iiiii  of  thi?  miiik  ])Ui  at  tbose  instauts  aru  oJIaj 
IMKWa,  hikI  iliiy  wirrwiHiml  to  the  ends  of  the  stroke  of  the  , 
wImmi  il«  vclitctly  vitniMi<«,  &ad  no  abo  does  the  cfl'urt  od  the 
)iUi.  It  i«  l«>  iliitiiiiiiili  ttir  ini'fpiliLr  actioo  caused  br  tiic  ex't 
tif  Uic«o  ilrad  [HiiutM,  and  ntpiraully  to  fiuulitate  thu  st&rtiaj  <^ 
i«ntfhiiw  witou  lUu  cmnk  luin]Hmii  to  rest  at  one  of  tbum, 
i«»»jl»t»  «ri>  r<>intilniKl  l>y  iMtim  «ir  tliri*8,  a»  describetl  in  / 
.1'"  '  '  '  'I,  «ith  tho  viTkHTt  in  tliiuiDmliiiig  t^e  perifxlio&l 
»"  y  iJi'iuT^y  Ktat«d  Id  Artiele  53,  pnge  60. 

'  I  '-  «J«i«»M  Mr  ibr  wwi—  n«d  nre  wry  aamiutely  rtai^ 
wiMinMv  (»l.4»i>  t-r  oylimlricfll,  tmt  heat  phinu,  on  which  a  btoek  fixtd 
h^  tttt^  lit^tl  i\f  tlh^  iiUtiin  ntd  hIuIca,  aiiil  whicli  resist  the  teadwcf 
»<4"  tt»"  ImV.  >»r  ol'  (h«'  t-"iminctin(t  nxl,  wlieu  iu  an  ulilique  positirai 
t<  i)h>  piston  roil  deTiato  from  a  sttaUh^  Ib^ 

1<  \.h  iim>vih  plaiw  smfuMs  can  iMiw  he  miid* 

^M  nMMnl  ntttm  to  h«  wiut>  gruendtjr  usod  than  tluy  were  &f* 

^:i  IStMlM  MMkH^l^iBUitod  cnmbtnaliocks  of  Ibkirafc, 
4<<*^)i»ot  u>  g»i/ks  4}^^^^™'  ^  ptatoD  rod  either  exBiftl.T « 
l^q^skiMMta^  in   -^^^^luic,  in  gnlv  Co  a\-Qid  the  bkn* 
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which  attends  the  vtm  of  stmight  guides.  The  Srsb  paniUcl  motion 
is  well  known  to  have  been  au  invention  of  Watt.  Four  kinds  of 
jjHnJlul  motion  wiU  now  be  described : — 

I.  An  Kzaot  ihmUci  aisUMi,  believed  to  have  been  fintpropoaod 
by  Mr.  Scott  RusaoU,  is  n^presented  in  fig.  153.  The  nme  pttrta 
of  the  mechaxuKm  are  marked  with  the 

auuo  letters,  and  different  successive      ^''f^"  '^^ 

positionfl  are  indicated  by  numerals  |  ^"""--^i':-- 
aflixcd.  Tlie  lever  CT  turns  about 
the  fixwl  ceutro  C,  and  carries,  jointed  o(,c( 
to  its  otiitT  end,  the  bur  or  link  P  T  Q, 
inwhichPT  =  TQ=C1'.  The  point 
Q  in  jointed  to  a  ulider  vhioh  slides  in 
guidt^«  along  the  stmight  line  C  Q ;  and 
the  jKjiut  P  moves  in  the  straight  line  ^ 

P,  C  Pjp  -i-  C  Q.  A  jiair  of  the  combinations  here  shown  are  used, 
one  at  each  side  of  the  cylinder;  and  the  pair  of  bars  P  Q  am 
Jointed  at  their  extremities  P  to  the  head  of  the  piston  rod. 

n.  Au  ArpMzinww  Pwniid  aiMivs.  Somewhat  resembling  the 
preceding,  is  otHained  by  gniding  the  link  P  Q  entirely  by  meuu  of 
owritiating  le- 
vent,  instead  of 
by  a  lever  and 
a  slide.  To 
find  the  length 
and  tho  posi- 
tion of  the  axis 
of  one  of  tboBO 
leTpr8,f/,  select 
any  convenient 
point,  t,  in  tho 
link  P  Q,  and 
lay  down  on  a 
drawingthe  ex- 
treme and  mid- 
dle ponitiona, 
Ij, '«,  tg,  of  that 
point,  oorre- 
qModingto  the 
erxtreme  and 
middle      posi-  ng.  IftS. 

iim  of  the  link  P  Q.    Tho  centre  n  of  a  drclo  ti»rer?dng  thoae 
pointa  will  be  tlio  required  axis  of  the  lover,  and  c  t  -^iSfiLVft 
length;  and  if  the  link  I' Q  is  guided \>y  V^rt  wvd&\«^«T*,'Oc.» 
reaw  and  middle  poaitiooa  nf  P  will  \»  m  cma  iXrwi^Q^  "^^xa* 

2l 
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point  TO^  Mify  ID ' 

M»— In  Bg.  153,  C 
Iri  »  link  X  f,  and  oadllatisg 
wubd  1  awl  3.    The 
cly,  m  panUel  to  eaob  otiier. 
m  tfae  Ink  T$t  audi,  tlni  its  mit 
'^  Py  ibU  be  in  the 
'  Id  C  T^  « Ip  aM  ■»  to  i^aoe  the  I 
e^ttat  tka  |»th<tf  P,  between  the 
P^P  P«  iftaD  fee  m  aor  «  jMable  to  a  tUnAt  line. 

IW  aas  C.  <^  are  to  be  «  pkoe^  Uiat  Ow  isiadle  M  of  Uie  < 
nte  TTyand  t^aiiddleMof  ilwvaBed  sneetycrf'tlie 

ana  wfctaa  «%Btl  dwcdi  1*,  '^  =  <i  <i  npraaenl  tbe  stroke, 
«ad be  ia 41m  liae cf  Knke  Mm. 

Hw  aoiitioD  of  the  point  P  on  tbe  link  i«  found  bj-  tbc  following 
^^aagpoitioBal  eqaatian  ^— 

Hp  TT:Ft;Fi::CH+^:^:  0B. (L) 

^TTW  jMMKtkna  of  the  pout  P  in  the  link,  intenoediatQ  hefrweeu  i 

V  Bidaie  aod  extroae  poatinns,  an  near  tnough  to  a  stmiflit  line 

for  practical  pnzpoaes.    When  there  are  ^veu,  the  ajxs  Vj  r,  tbc 

line  of  Btroke  P,  Pj  Pj^J^  leugth  of  stroke  P,  P,  =  S,  and  Uw 

perpcndicalnr  distance  U  m  between  the  middle  poeitiaun  of  tin 

two  levers,  the  folIoTing  eqnttkou  serve  to  compate  tiie  ' 

of  the  leren  and  link : — 

ot        g;i 

Vereed  nneg^  *^^=8C^'  **'" 


lAiweetf 


Link, 


8  em' 


,—      TV    _      it> 


T( 


=V{^ 


(TV  +  iif 


}■ 
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IV.   Wan**  Pnrmllel  SlMtea  HtMliaed  by  lia%'lDg  the  guided 
P  in  the  prolongation  of  the  link  T  t  beyond  xX&  connected  poii 
insteud  of  butweuu  those  points,  is  represented  by  tig.  \5i.    In  t 
C3180,  the  ocntrea  of  the  two  levers  are  at  the  same  sidn  of  the 
inDt«ud  of  at  opposite  sides,  the  ehorter  Ie%'er  being  the  farther  1 
thn  giiidt-d  jKiiut  F;  and  the  equations  1  and  3  are  modified  Bl 
follows : — 

BtJgmentB  of  the  link— 


FARALLKL  XOtlOVS. 


5U 


(4.) 


f,  CT=CM  +  ^;;T=^+-' 

»  parallel  motion  is  used  in  aome  marine  engines,  in  a  poeilion 
ted  with  ref>iiect  to  that  in  the  figure,  P  being  the  npjKir,  and 
lower  end  of  the  link. 


Fig.  155. 

WaU*it  iMiultel  motion  (ITT.) 
plied  to  fit«A,m  engines  with  beams, 
more  usual  to  guido  the  air  puni|> 
thiiD  the  piRton  rod  directly  hy 
IS  of  the  point  F.  Tho  heiid  of 
ASton  rod  is  guirled  by  being  con- 
)d  witl)  that  point  by  means  of  a 
tUioffTitm  of  bars,  shown  iu  fig. 
c  is  tho  axia  of  niotion  of  the 
L  of  the  engine,  ctA  ouo  arm  of 
beam,  O  T  a  lever  called  tbo 
M  bar  or  6n'd7«  rod,  tin  link 
a  the  Sflct  Alii.  CT,c(,  andT«, 
tike  oombmation  already  described 
.^  and  Rhiiwn  iu  fig.  15'A;  and  the  point  P,  found  as  olixiidy 
n.  is  guided  in  a  vertical  lioA,  almost  ex.ictly  stmight.  Thi 
^bgth  of  tha  beam  arm,  c  A,  is  fixed  by  tlie  propotiiou 

I  "Fr:fl:;C7:CA; '* 

V  '  A  is  vory  nearly  a  tliird  proportional  to  C^  and  e? 
U  T  (.  and  ff  FB  interacting  it;  then  from  tho  pmpor 

thatAB^TZ    AButheniamliiJc:  B,^^\ue» 


Fig.  MA. 


I 


MS 


•nUU   A5D  oniEB  OXAT  KKODnS. 


pditon  TOiL  ST  =  and  ||  <  A  is  the  poralU  &ar,  by  niiich  tb#  i 
»«d  tnck  links  are  oouuecied  F  mores  •ensibly  in  a  Ktru(;t)t ! 
eB  :cF  is  a  otmstaDt  ratio;  therefore  B  raoraa  aensiblr  tnarti 
line  ]>nnUlel  to  that  in  which  F  moves.  (For  metiioM  of  < 
paraUul  luotioDS  by  gmphio  constnictian  alone,  aae  Bui 
VoeAteffy, jHuea  37i  to  2€0;  On  Shiplmil-tiHff,  ptgea  381. 
Rutm  and  T<Mt$,  page  336.) 


cnginF-,  and  Qg.  157  a  view  of  tlie  oylmder  eniU  of  both  enginea 
Kovb  eiigiuu  haa  a  pair  of  tide  leven  or  beanu  below  tlie  level  of  tbe 
bhaft  aud  of  the  cjUndf^r  cover;  thoy  are  fixed  on  the  op{)osito  ends 
of  one  rocking  ahaft,  which  is  the  main  centre.  The  pislon  rod 
Gftrnes  a  ctom-Aax/,  tike  that  of  tlie  letter  T,  from  the  fiula  of 
which  Itang  u  pair  of  fide  rods,  connecting  it  with  the  eadii  of  iha 
pair  of  sida  levem.  The  opposite  ends  c?  the  wde  leven*  ai-e  con- 
ducted n'illi  a  crwu-iaii^  whicii,  being  dxcd  on  the  lower  end  of  the 
connecting  rod,  giv€«  it  tho  shaiw  of  th«  invertt-d  letter  j,.  Ijq  fiff- 
\5G,  a  is  llie  cylinder,  6  one  of  the  aide  levers,  c  the  sole  plato  wtUt 
vertical  llangm,  which  carries  the  onginsA  and  their  fi:a,iu.«\  dVkvv 
ur  pump  rod  with  ita  croiss-h«vd  ami  mde  to4b,  e  i\ij>  ocax^^^^ ' 
^inddie  wbcfj^j'ao  ctceutric  with  itfi  counteryo^ao. 


tnSM  JkXt>  OtHtt  RKAT  CTOOnOL 


•ftMC*  ActtM  ■«>•■• 


are  Bonnnvatt 


luj  woiUd  rrqaira 
Tbe  ofajcoti  kiaud  «t  in  them  are,  in 
stroke,  noiwitluitAniling  Uniited  bead  room ;  nod  in  aertw  sttamoik 
oomEaotlMiB  and  conTeaicocv,  e»pedally  in  ships  of  war,  vbm  tW 
wboie  engiiM  has  to  be  ]ilac«d  bdow  the  water  line.    Somt  ojf  Ukd 


n^^  IM. 


tl 


a  pair  of  Momn.  J 
Uiere  are 


four  cyl| 


have  been  suflideatly  described 
der  the  bead  of  eylvudan^ 
303.  3o4,  3j5,  358.  Fie.  US  it  ft 
croes-soction,  and  6}!.  l-SQ  a  sdt 
view,  of  a  pair  of  oscillating  HOjpDei, 
tiuch  as  have  been  uiemi '■'■t  •" 
Article  33tf.  The  air  i 
worked  by  a  cmuk  in  tlie  iuki....^  v. 
tfaeshafc  V\^  IGO  and  Itilrcwf- 
sent  a  |Nur  of  "  st«epl<*  engines.  Ja 
which,  from  each  oylindtT,  a  pair 
of  long  piston  rods  riac  on  oppwite 
sidea  of  the  shnf^,  and  also  of  Um 
ci^rnk,  oiTTTing  a  crosK-bcttd  tKm 
which  the  connectiug  rod  han|( 
riowuwnixlii.  In  fig.  Hil  is  seen  tf* 
air  pump,  worked  by  a  lever  toA 
links.  VxffL  I(>2  and  1G3  rt-piv^ent 
»T'8  double  cyUiider  engines,  in  whici 
ior  each  engine     Fig.  103  shows  Um 


5S0 


CrUli  A5]>  OtBBt  HBAT  KtOtM^ 


the  ^liDiIni^  and  pve  motioa  Uuon^  tiis  coonccting  rod  to  t^ 
^nak.    The  atr  punp  ia  vnriced  tiiroc^  ft  laver  and  lioks. 

The  aimplert  armi^ 
DMXit  of  dinet  ■ctiag'  kivv 
«i^es  uted  in  matdhnt 
TeMoto  will  be  iUostattod  a 
ft  Sftfaseqaent  Artide.  la 
dnpB  of  war,  Uicae  enginn 
an  faroo^tbelaw  the  water 
line,  g«rnerftllj  hgr  plftd^g 
their  arluidt>ra  cither  hoar 
aontal  or  very  mo^ 
cUocid.  OonSiivaiMea 
this  object  have  given  ibfr^ 
to  an  incalculable  variety 
of  forms  of  engine. 

377.   Cvwplla*    MMft»   «r 

engiiue^  the  ahaft 
^  ^**-  of  three  pieea^  «b 

its  independent  beanBgi.  The  middle  piece,  called  the  ~ 
^i^fi,  or  wywe  titf^  it  in  permanent  connection  with  the 
thm^  the  conneotiBg  rods.  The  tvo  outer  pieons,  csl 
f  lifli  Jka^  ony  the  paiidlg  whefb :  the^harecimnks 
inner  eada^  which  am  be  at  will  oooocctod  with  and  diaooni 
5vai  the  cnnk  pirn  of  ifae  cnuiks  of  the  engine  shaft.  The  deteab 
(if  the  method  of  duing  thia  my  very  much  in  tlw  peactJOBof 
diBennt  engineenL 

Xm  acrew  ensinee  abo,  the  rajewi  Jiafi  and  «ore»  aAo^ 
conneolad  and  ifaoannerted  by  Tsxiooi  contriranoea. 

378.  —  weifc  m€  WiHiBi  ■!  urf  riBMiM  —The 


upon 


vhidi  theetren^  nf  mech&ninn  ilejteods  ba\'e  been 

Bcction  8  of  tlw  iDtnMluction ;  and  it  han  aha*  been 

they  an  to  be  ap|>Iiod  to  the  principal  lueoea  wbi^  ooenr  in  the 

mnchtniam  of  afeeam  engine^  inch  as  piston  rods,  oounecting  nitf 

cwwheada,  env-tail^  lieam^  cnnks,  axlee,  wedges,  kejB|  Jk. 

Care  must  he  bsken  in  all  calcnlatiDtts  on  tiiis  subject,  to  oonndsr 
all  the  Tftrietaons  which  the  foroea  acting  amonyt  ilie  piecet  of  thr 
mecttanJMn  onderigD,  whether  in  magnittxle  or  in  ilirectian,  and  l» 
take  into  acoouut  that  condition  of  tboeo  fortxa  in  whidi  the  sinH 
prodvoed  by  them  is  the  moat  aareiCk  Care  mnst  also  be  lakv 
not  to  oonstaler  eflEbrta  and  rerastanoes  slono,  but  the  entirB  listeei 
applied  to  cndii ^jiccts  wWtKer  direct  or  lat«nl  (Article  S,  (Ago  G; 
Arfcade  23,  ^^age^YV    ^"<  e3uucM^Vv-u.vKh,'CtaK«Mx««fia«^  iu  the 


BTBENOTB — BALASCIKO  OP  KECKAJHSM. 


ig  the  requisite  strength  of  the  crank,  bat  the  whole 

or  pull  exertod  along  the  connecting  rod. 

le  fnuoework  by  wlitcU  a  mov-mg  piuoo  in  held  or  supported. 

Upon  thftt  pio(:<^  a  force  or  forces  snfficiout  to  pi-evcnt  it  fram 

■  dialodged  from  itA  pro)>CT  bearinga,  and  mu»t  bu  mudu  sulS- 

strong  to  bear  with  satt-ty  all  the  forces  exerted  by  other 

xspoa  the  mo\*ing  pieces  which  it  carrie& 

'  ejtAiuplOi  in  a  beam  eugine,  tho  principal  paKs  of  the  fmme- 

are,  i^e  sole  or  b&se,  and  the  pilhirs  for  altenuitely  suppotldiig 

holding  down  the  main  centre  of  the  boam.   At  one  end  of  the 

the  cyliudtT  muat  be  fixed  down  to  it  by  bulls  capable  of 

resisting  an  upward  pull  eqiial  to  the  greateirt.  effort  od  the 

At  the  other  cud,  the  btarinj^a  of  the  shaft  must  be  fixed 

with  equal  tinunefi&     The  supports  of  the  main  centre  mnst 

3Ug  enough  to  bear  the  forces  acting  upon  it,  deteiinined  in 

mauni-r  explained  in  Ai-ticle  370.     The  hi:^  itself  must  possess 

strength  Hufficient  to  bear  safely  the  tendency  of  the 

afiplied  to  its  ends  an!  middle  to  bit-ok  it  aci-a**,  producing 

siU  ofjltxxire  (Aiticle  73,  page  7^^  at  each  iuataut^  equal  and 

lite  to  that  which  acta  on  the  IxAin. 

lilor  principles  apply  to  the  side  lever  engine,  except  that  the 

Kup]Ktrt  and  hold  duwn  the  bearings  of  the  engine  ((haft. 

a  direct  acting  engine,  the  principal  parts  of  th<»  ft-ame  are  the 

or  rods  by  wliich  the  cylinder  and  the  shaft  are  kept  in  their 

n-latiro  poedtiona^  and  which  have  to  resist  a  pull  and  a 

1st  alternately. 

\}^Vi.  BaiBHria«  •rifirefeaiHi>iB. — All  tite  moving  parts  in  On  engine 

;bt  OM  far  ftA  poiwible  to  bo  balanced;  that  is  to  say,  that  every 

about  which  muviiig  (larttt  turn  or  vibrato,  or  liavo  a  reelpro- 

_  ^  motion,  sliould  either  exjic-tly  or  as  nearly  as  possible  traverse 

common  centni  of  gravity  of  all  the  parts  that  \\m  bearings  iiun- 

'  and  be  a  permaneiU  axis  of  those  parts  which  tnm  vnxh  it 

ranans  for  doing  ttwt,  and  the  principles  according  to  which  it 

he  effected*  have  been  explained  in  Articles  31,  22,  pages 

to  30.     It  is  of  special   imjtortance  as  applied  to  the  crank 

The  weight  of^  and  the  centrifugal  force  and  couple  produced 
Ity.  any  mass  which  is  fixed  to  tho  shaft  and  rotates  along  with  it, 
such  nn  a  crank  or  eccentric,  can  easily  be  balanced  by  oonuterpoiaos 
fixed  to  and  nitatitig  aloug  with  the  sliatt  liW  In  tlie  case  of , 
mass  which  only  )KU-tJitlly  partakes  of  the  motion  of  tho  shaft, 
as  a  piston,  tlic  balauoe  of  weight  and  inertia  cannot  be  ey 
realised  in  all  pnmtiona  of  tho  engine,  but  must  be  approximat 
in   the  wuy  which  may  wem  best  to  the  judgment  of 

noeui'. 


5ti 


sntui  hSD  ornEii  okat  Mraum. 


In  >  '  it  has  b«en  shuwa  ho-w  ihe  weight  of  tlM 

in  vri  ■  i-<  19  apiiniiniiUely  balanced  l»r  a  rtnpCTi 

nicutotili>  >t' tue  ttfuu.     In  this  cas' 

uit>nleru>:i  ontal  Wlimttons,  that  the  ^-  iliei 

its  rod,  and  hull'  the  ocmnecting  rod,  should  be  h«l»nfflt4  bfi 


ootnrriERpoisEs — cobkish  ekoink 
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pnaBOre  alono,  the  crank  and  the  other  half  of  the  connecting  rod 
being  UiUuiwd  by  countcriwises  fixed  on  tho  shaft.  Id  euginea 
with  horizontal  cyliniiers,  on  the  other  hand,  it  is  prohahly  best  to 
treat  the  whole  weight  of  the  piston,  piston  rod,  and  connecting 
rodeos  if  it  were  concentrated  at  and  revolved  along  with  the  crank 
ptn,  and  to  fix  oouutcrpoisea  on  the  shaft  ttuited  to  that  suppotu- 
tion;  and  tliis  method,  or  one  not  gi-eatly  differing  from  it^  npfieani 
to  have  U^-n  practised  by  Meistuu  Bourue  <fe  Co.  In  their  horizontal 
^ngle  cylinder  scntv  engine,  with  good  reeulta.. 

Sscrrov  6. — Exampiet  qfi*uaipin^  and  J/orin*  Engine*. 

380.    BKHHpl««  •!'«  CM-al«b  PNHiMag  Bafbie. — Figs.   1G4,  165, 
166,  represent  a  single  acting  non-rotative  beam  engine,  known 
the   "  Comiah   engine,"  and 
tMftd  for  draining  mines,  and  for 
vupplyiuff  towns  with  water. 

Fig.  1 64  is  a  general  olcvatioa 
or  <ifi.o  view. 

Fig.  165  m  on  e1u>-alion,  and 
fig.  16G  a  plan,  of  the  valve 
gear. 

As  to  the  ffeneral  amngo- 
ment  of  the  viuVe  getir,  see  Ar- 
tidea  3i2  and  343. 

A  is  the  cylinder;  B,  the 
piston  rod;  C  D  E,  the  bcum; 
P.  the  main  pump  rod;  O,  the 
tapi>*-t  rod  or  plug  rod;  H,  the 
eqmlihriiim  pipe,  which,  when 
the  Hi|ttililirium  valve  is  open, 
oonnerUf  the  hip  and  bottom 
of  the  cjlinder;  I,  the  eshauat 
pip©  ;  K,  the  wndccaer ;  L,  the 
air  pump;  M,  the  fee«l  pnmp; 
N,  its  supply  pipe;  and  0,  its 
discharge  pifMi. 

P  is  the  "  mUtraci"  as  to  the 
general  nature  of  which  see  Ar- 
ticle 343.  g,  tho  chest  of  the 
throttle  \-alve;  a,  its  spindle; 
&  ff,  a  levt^r ;  and  dd,  a  rod  and 

handle  to  adjmt  \U  opening;  Z,  the  passage  through  which  it  oom- 
municau,>s  wiib  the  bteam  valve  box  R  S,  the  eqnilibrium  valve 
box.     T,  the  exhaust  valve  bjx. 


ASD 


BXAT 


jr,  wKidi  ]• 

I7  Ifa*  tapptt 
when  nor  ll 
•otti     of     lit 

9tnkB,  K  u  Mil 
the    pbtoM    of  tW 

pBsuk.  A  tlufi  m 
pmJtKting  bun  the 
MUM  AA//<Mm 
*  yrpight  i,  vbkk,  ai 
^■uta  ma  the  itfftl 
rod  tM^nw  u>  ns 
*nd  Itmrm  d»  bnt 
9  ftee^  niiiM  Ik 
pistoa      to 

mi,  vWn  al  the  tiottoin  of  hi 
ikh*  fay  taaoM  of  the  t^pet  jr,  «o4  oywl 

of 

tbeotluit 


IW  «^rdftaaB  -vmlw:  tW  pistan  Imb  Mocwled;  nd  ■!  tJbe  top 
«W  IB  ifcitai  the  liMel  m  hM  flfcnt  Uwe  flqaililritxm  xidm, 
tbA  w  «afJM»  i»  nM7  to  1n^  ft  tirw  strok*  to  aooD  as  tbe  «K^ 
laftvK  ^i^  aaoia  vatve  dnll  be  ie-opaae(L 


TW  wUte  ■  wtiaaHi  teprai  «Uwit  kbe  oatenbct  tnston.  and  l« 

^v  4ht  Hvir  f  as  EOB.    Tiiis  l#w  aoiyurto  a  BnaU  varticml  rod, 

m  %  1S5  bilBad  tha  tappvt  rod  G,  Iran  which  small  rod 

IHJim  a  p^  l^i  at  lotftk  lifU  the  lever  L     From  tht 

i«lMvanMB*a«aKkikatbaU»a  UwUi  }Nx^«c<iDg  Jran  the 


vadaagAi'kK,  and  pap^tto  that  ahaft  from  taming  -wader  tli» 
adHa  4f  Ifca  WiAprf  road  I  tkat  liaa^i  from  a  ahart  lerer  pmjcctuig 
^tm  Am  ^aA  m.  Whoi  daa  latarAis  lifted,  the  shaft  m  u  m4 
aaoead^aa  imaa^  the  haadteM  pnyootuig^  from 
Sc«w  nvjeetmg  from  aa  |)alla  the  loaded  rod  a/t 
aflb»fBai^«&h.thn>agb  the  bell  aiiuk/>7r, 
«  «f  tha  a^aaifc  ralrt^  and  opou  that  valve  to  m 
«■  hifaw"  the  ratoB  aacape  to  tiie  oundcauer. 
^'■■■d  viKtital  lad  nathig  aa  g  eantiDaet  to  mo; 


it  lite  tha  kvar  I,  ttuibily  placad  to  Jt.  bat 

r  ■■«■«  aa  a  aich  oa  i  libenutw  a  -mto^ 

Iha  axhaaak  nlve.  a  catch  on  I  Ubantaa  a 

ttrAcwtTahra.   The  steam  iaaduiOM^ 


PTTUPINO   EXGnre — SCKKW    EXOIITK 


kit  a  point  of  tlio  down  Ktmko  fixed  b^  adjnsting  tlin  position  of 
long  tappet  tc  on  tbu  tappet  rod,  that  tappt't  prunKTH  duu'u  tbo 
~le  u  fia  to  shot  the  Ateam  vslve,  and  hold  it  tthut  for  the 
under  of  the  stroke,  wliich  ia  performed  by  exponetoo. 

the  dovn  stroke  is  completed  the  cycle  of  operations  already 
cibed  recomniencea. 

aaocnt  of  tho  piston  while  the  equilibrium  valve  ia  open  js 
tttced  by  a  fdight  pr(>])ondcniiicti  of  tht;  weight  of  the  main  pamp 
and  itii  load  above  tliu  weight  and  rvsiJitjiuce  of  tho  oolitmn  of 
which  tlie  plungers  raiae.  The  energy  exerted  by  the  steam 
I  the  piston  during  the  down  stroke  is  stored  in  lifting  the  pump 
and  its  load,  aa  has  been  explained  in  Article  33,  |MLge  37. 
cylinders  of  Cornish  enguK^  are  jacketed  above,  below,  and  all 
kd,  and  clothed  with  felt  and  planking. 

1  dirfot  actiftg  nou-rotativc  pimiptug  earaaea  the  up  stivike  is 

effective  stroke,  the  fftcnm  being  admitted  and  expanded  U'low 

t  piston,  then  passed  by  the  equilibrium  valvo  from  the  bottom  to 

top  of  the  (^linder,  and  then  dischargpd  into  the  condenser. 

urangemcut  of  the  mechanism  somewhat  rcstinblcti  that  of  Uie 

pressure  engine  in  Article  132,  tig.  4() — except  that  in  general 

I  pnboa  rod  prooeeda  npwarda  through  a  etuffiug-box  in  the  c>'lln- 

cover,  and  carriea  at  the  top  a  cro»»-hoad,  from  the  ends  of  which 

ing  linkfi,  attached  at  their  lower  ends  to  the  cro8»-head  of  the 

nxl.     Another  arrangement  is,  to  have  a  pair  of  similar  and 

cylinders,  standing  aide  l)y  !*ide,  whoKe  piitt<m  rods  support  tlie 

of  a  croHs-head,  Irom  the  middle  of  which  tho  pump  rod 


tl.  li««M«  Acttiiv  pMBiphiff  BmgtoM  are  now  very  common,  in 
ich  the  piston  rod  of  n  double  acting  pump  ia  oontinuons  with 

of  the  engine.     Such  engincH  are  rotative,  having  a  fly-wheel 
iven  by  means  of  a  crank  for  the  purpose  of  making  the  motion 
idy.     The  cylinder  and  pump  are  ofton  horizontal. 
383.  BzmtBple  «f  Venlnl  Inr*n«d  Hmw  marine  BnitaM. — FlgU. 

and  168  represent  the  pair  of  engines  of  tbo  "  Indian  Queen,'* 
Measra,  Kcdlsou  &  Co.     These  engines  have  been  selected  for 

pttrpote  of  illustration,  K'cnuse  they  ore  vt-ry  good  and  effi- 
it  specimens  of  engines  for  a  screw  merchant  steamer,  and  at 

same  time  contain  nothiug  unusual  in  their  porta  or  nrrange- 
ant*     Fig.  1G7  shows  a  front  elevation,  and  a  vertical  section  of  ^ 
irt  of  the  forward  cylinder  and  part  of  tho  \'alvc  chest,    fig.  lOft' 
a  side  olevation  looking  tn^-arrU  the  head  of  the  ship.     The  seal 
Vv  of  tho  real  dimendona     Ench  cylinder  haa  an  ordinary  si*' 
Ivo  moved  by  a.  link  motion  (Article  34S),  and  a  gridit 

*  TbrMigb  famdvciUnot,  figa.  167  and  1C8  hava  been  vevtntA  u  to  d|bl 
is  thft^  «ti]£e  tbe  wtinl  en^flnea  r«ce  U)  port,  thQ  florin  «b()«  XWwutvkilLU 
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ifilo  nlvtt  voiced  b/  a  MpuKte  eooentrui  (Artic3# ! 
■m  Mesm  jacutad,  sad  alio  dotfaed  in  Celt 
vood. 

A,  A,  are  the  crlinden.  B,-|mrt  of  Uw  pistoa  of  theftmnri 
engine  C,  C,  cylinder  |)urts.  D.  exhaust  port.  E,  ordiBAiy  iGdt 
vwVe.     F,  ^tUron  ex{MUiiion  valre. 

Q,  G,  G,  G,  are  the  eooentxic  zodi  of  the  two  link  motioof 
vorkii^  tiM  ordioai;  slide -ralvaa.     Oftbeierods  ooJjODai&i 
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U,  vhed  to  turn  the  fKicv  wliicli  akIfU  the  links  of  (ho  fill 
rnotioDB  when  the  engines  are  to  be  roversed  or  etoppad,  tiu  v«ln  ndi 
hL-ing  at  rest  Utcmlly. 

This  pair  of  engines,  whoa  making  75  rerolntiona  per 
with  a  rutio  of  cxpauitiou  of  5,  Lt  ut'  320  indicated  hocaB-i 
*nd  bums  3  Ibe.  of  coal  per  indicated  horee-power  per  hour; 
efficiency  of  the  steam,  aud  of  the  furnace  and  boiler,  an  well  as  ti* 
x&te  of  expansion,  being  almost  exactly  the  same  aa  in  the  euffma 
refeired  to  in  Article  289,  Example  L,  jiagcs  405,  4^6. 

SEcnox  7. — Loconiotive  Engintt. 

383.  B«frnwcc  I*  piwrtsw  Afftclm.^ — Besidos  tbe  geBeral  charu^ 
teristics  which  loGomotire  engines  pocseao  in  oominon  with  iidMr 
steam  engines,  the  pecnliarities  of  those  engines  have  been  frDqncniK 
referred  to  in  provioiu  porta  of  this  work,  and  especially  in  tli«  f» 
lowing  places : — 

Article  229,  page  281  (miTipIv  af  air  to  fucj). 

Article  230,  pngoe  282,  283  (distribution  of  aiTf  and  cootnTanM 
to  provitnt  fimoke.) 

Article  232,  page  285  (tate  of  oomboslion)i 

Article  234,  Division  IV.,  pages  293  to  297,  eepenally  vaa^ 
IV.,  v.,  VL,  TIL,  VIIL  (efficiency  of  fiiniace  and  ev^xmdn 
power  of  fnel). 

Article  280,  pages  383,  383  (back  prewuieX 

Article  286,  page  39G  (uso  of  hcaung  the  cylinder  extcmaUy). 

Article  289  A,  page  412  (uso  of  high  proaanre  oondeoaatioo). 

Ai-ticio  290,  pages  413  to  41C  (rasistanoe  of  the  rc^olmtorl 

Articles  303,  304,  305,  pages  449  to  452  (fiirnaoe  and  botl«> 

Article  30G,  page  4<1G  (grate  and  ita  aah-pa&). 

Article  30H,  page  457  (height  of  fnrnaoe). 

Artiulu  312,  |)uge  459  (fire-box  Btays). 

Article  312,  page  400  (tubea  and  boiler  sliell). 

Article  315,  page  463  (boiler  room). 

Aitiole  317,  page  465  (safety  valves). 

Article  341,  page  485  (throttle  valve). 

Article  317,  pages  491  to  496  (exiianaion  by  the  link  tentjon), 

384.  Adkfwiaa  m£  WbvrU. — The  tractive  ellbrt  whivh  a  looopi*- 
tivo  engine  can  exert  is  Iimite<l,  not  only  by  a  quantity  depaMiiif 
on  the  dimeoiiions  of  the  cylinder  and  driving  whecla  and  tos  ^^ 
tive  presmre  of  the  st«am,  but  also  by  tbe  adJ^aum  betwcvu  tho 
ing  wheels  and  the  rails,  which  weans  the  iHction  between 
acting  HO  asto-nt«^cn^«U\)^»ng.  If  theresistanoe  oftlielooddiin 
tULOL'eda  t^«  a»\u««Wn,  ^ft  ■>«\\«»^B.  \m.t(v  xawTA  -wv^ivHrt  advanciitt 


lA^Aib 
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lie  engine  which  reata  on  the  driving  wheels  into  a  co-offident  of 

iction  which  depend*  on  the  condition  of  thofinrfiMwaof  the  wheel* 

"  TtuitL     The  value  of  that  co-eflicjeut  is  from  0*15  to  0-2,  when.] 

and  luils  are  clean  and  dry ;  but  when  they  ore  damp  and] 

ij,  or  iu  the  couditiou  called  "greasy."  it  diiuiuitihes  sumL'tioca' 

1-07  or  O-OS.     Ahout  0-1  may  be  considered  an  average  ordinaiy  1 

Phe  proportion  of  tlie  weight  of  the  engine  -which  rests  on  thftj 
ping  wueela  depends  on  the  numbcT  and  arrangement  of  the 
Is,  the  nnmber  of  pairs  driven  by  the  engine,  and  the  diutribu- 
of  the  load  upon  them.  The  nnmber  of  wheels  rang<>e  from 
to  five  paii-s— the  most  common  number  being  three  jwilre — of 
from  one  pair  to  the  whole  are  driven  by  the  engine.  The 
tjon  of  the  weig}it  of  the  engine  which  rests  on  the  driNing 
may  be  entiniatcd  to  range  from  one-third  to  the  whole. 
3f  in  iinilmbly  the  mast  uhhiiI  piiijKirtiim  in  six-wheeled 
pnc«  with  one  pair  of  driving  wheek  uiider  the  middle  of  the 
■which  is  the  most  common  an-angement  in  ptiRnengor 
;  two-thirds,  in  six-whcelcd  and  cight-whccled  engines  with 
of  wheels  coupled  bo  as  to  bo  driven  by  the  engine^ 
a  common  arrangement  in  goods  engines.  Euginejt  with 
;U  coupled  are  uwd  for  slow  and  heuvy  trains,  and  in  thecOy 
f  flporse,  the  whole  weight  rests  on  driving  wheela. 

weights  uf  locomotive  engines  mngo  from  5  to  40  tons 
erne  rasen ;  but  the  Tnaat  ordinary  weights  are  from  20  to  3fi  tan& 
lieu  the  stoch  of  fuel  and  water  are  carried  iu  a  tender,  the  weight 
the  engine  itself  in  alone  avnibble  to  produce  adhenon,  unless, 
IB  Bometimea  the  case  on  very  steep  railways,  the  wheels  of  the 
ler  are  coupled  to  those  of  the  engine  by  gearing  chains  and 
Some  engines,  called  tank  engines,  carrj'  their  own  stock  of 
water — the  fuel  on  the  platf'H-m  btliind  the  fii*e-box.  and  the 
in  a  tank  above  the  barrel  of  the  boiler — and  in  tliem  the 
ion  is  great<'.st  on  first  starting  from  a  station  where  fuel  and 
re  taken  in,  and  gradually  diminislies  as  the  stock  ia  oon- 

nralaiHncv  mt  EnglnM  bb4  Trnia*. — Tho  aotbority  nOW 
relietl  upon  for  the  resistance  of  engines  and  trains  on 
ia  that  of  a  series  of  cxpcrimeiita  by  Mr.  Gooch  on  the 
gaugCL  The  following  empirical  formuU  represents  with^ 
ibie  nccuracy  the  results  of  thoao  cxperimenta: — 
Let  E  be  the  weight  of  the  engine  and  tender  in  Um$. 
T,  the  weight  of  the  tniin  in  tons. 
\Yf  the  Teloot^^^ftfan  Aour. 

ttkO  illdl^^^^^H^Uiae*  expnufid_aa  a  fraction ;  aacente 

ive. 


Lth 
aU^H 
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ItefiisUmce  of  thn  truiu  in  Iba. 

=  l6  +  0-3(V— 10)=±=22iOifT; ^) 

BmisUdcu  of  tbe  engine  and  tender  io  Iba. 

=  {l2  +  0-6(V— 10)=t:2240vE; (1.) 

Total  resistance  In  Iba. 

=  ;  6+0-3 (V—10)}(T+2E)=t2340»(T+E) J(i) 

At  velocities  lesa  than  ton  milos  an  Hour  the  term  containing  V — 10 
is  to  be  omitted :  the  resistance  being  sell^iblJr  constant  below  tkit 
sjioed. 

Mr.  D.  K.  Clfttk  prefpra  to  such  fonnuU  as  the  above,  anotlMr 
0ot  of  funuulK  in  which  the  reaistauce  in  treated  as  cDuaisting  of  t 
constant  part,  and  a  port  increasing  as  the  square  of  the  ^wad;  a 
followd ; — 

Beristance  in  lbs.  per  ton  of  engine  and  train ;  road  and  canisga 
in  suoutli  numing  condition ;  wcuther  calm ; 


6  + 


240 


2240 «; „.(4) 


Koad  and  aurriagcs  oot  in  smooth  running  condition ;  side  vind; 

*'  +  ^-22^^'" (^* 

The  resistance  on  a  carve  exceeds  that  on  a  straight  Iine,ttco(n4- 
ing  to  experiments  by  different  autbont,  to  the  amount  of 

from  0-6  lb.  to  1-4  lU  per  ton 


nidtun  of  curve  in  miles 


■(«.) 


To  allow  for  the  resistance  of  the  mechanism  of  tho  engine^  Mr. 
Clark  adds  ouc-tliird  to  the  n>i&tanoe,  att  calculated  abovo. 

The  mean  eficctive  eflbrt  of  the  steam  on  the  pistons  required  to 
overcome  a  given  total  resistance  of  engine  and  train  ia  given  by  tli« 
following  equation,  in  which  A  is  the  (olal  area  o/ both  putortM,  aixi 
p^  -Pf  tie  mean  ^ectiv«  prmturt. 

Total  Tfaiatanee  x  circumference  of  driving  Tffaad  jfl\ 
A  (p- -;>,)=  2  K  leogth  of  st^ke  of  piston  ^  ' 

(See  page  fl3&)  "  '^ 

3S6.    Tim  BnlandnK  of  Bstslvn.  both  &fi  to  crntrifilgal  ^OttXAMJi 

centrifagot  couples,  is  of  great  im[N>rtNuce  as  a  means  of  premotiBf 
dangerous  oscillations.  The  principle  according  to  which  it  ii 
eflwted  ia,  to  oonoeive  the  mass  of  the  pistons,  pistoo  rods,  nA 
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lectdng  rods,  and  a  weight  having  the  same  statical  momeot 
Uie  crank,  as  oonceDtratotl  nt  the  cmnk  pins,  im<J  to  insert 
reen    the   spokes  of  the  driving  wheeU    conntci'poiMes  whose 

aighta  and  positions  are  regtitiite^l  by  the  principles  exphunctl  iitj 
Lrtiolea  21  and  22,  pagt«  27  to  30. 

The  following  are  the  formula:  to  which  these  pi-iuciplcs  lead :— ' 

Data— 

W,  total  weight  conoeivwl  to  be  oouoeutrutod  at  one  crank  pin. 

c,  leitf^  of  the  crank,  mco^ui-ed  from  Lho  axis  of  the  axle  to 

itre  of  the  crauk  pin. 

a,  distance  of  the  centre  of  the  ctank  pin,  measared  parallel  to  tht 

le,  fmm  the  middle  fyf  the  length  of  the  axle, 

h,  distance  of  the  centre  of  a  wheel  from  the  middle  of  the  length' 
^Uieaxle. 

r,  radius- vector  of  each  counterpoise;  being  the  dislanoe  of  it 

itre  of  gravity  from  the  axis  of  the  axle. 

R£QUIK£L> — 

t,  ant^lc  which  that  radins-rector  makes  with  a  plane  traverung 

IB  axis  iu  a  direction  midway  between  the  directions  of  the  two 

jks,  and  jxiuting  the  opi»osito  way  to  tlutso  directions     The 

iks  being  at  right  angles  to  each  other,  make  anglet9of  13&°wit 

le  plane  iu  quehtiim. 

Vf,  weight  of  each  counterpoise. 

Rbsults — 


t  =arc  tan 


a 


«=w.^V- 


?+? 


W 


.(1.) 
.(2.) 


36*         ^2Tcost 

Iu  practice,  those  formula?  may  l»ft  iisi^d  to  (ind  a  firet  appro 
tion  to  the  required  [wxition  and  weight  of  the  counterjwuHUj^ 
it  the  Cnal  ndjustment  is  always  pfrronnni  by  trial;  the  eiigin«i 
ring  hung  up  by  chnins  attached  to  the  four  comers  of  itA  frame) 
the  machiuery  set  In  motion:  a  pencil  attached  to  the  framo 
Lf  one  angle,  maiks,  on  a  hnrlzontnl  card,  the  form  of  the  oncilta- 
18,  being  iittually  nn  oval;  and  the  counteiivtliea  are  ailjusted 
itil  the  orbit  described  by  the  pencil   is  reduced  to  the  least 
uble   magnitude.      "When   the  adjustment   is  Hiicceasful,   tho 
icter  of  Uint  orbit  is  reduced  to  alniut  i '«  of  an  inch. 
387.  The  Bin-i  Pip«  has  the  effect  of  aitjusting  the  dniught"' 
the  furnurr,  and  crmMrqiiently  the  rate  of  consumption 
I  the  work  to  h<.-  pei-forunjd  by  tlie  engine  with  very  dii 
and  at  vorj-  different  speeds;  and  is  on  th»t  ar«*" 
most  impoi-taut  of  the  peculiar  paits  of  thf 
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Its  effect  npon  the  hack  prc«8iiT6  in  the  cylinder  ha«  alraady  been 

considered  in  Article  380,  pafces  382.  383. 

The  f-fTeet  nf  the  hlajtt  pi|>e  in  jmiducini;  a  draught  d(7>cndA  iqxM 

its  own  diameter  and  pcwitton,  on  the  diametu*  ut'  thu  chimnry,  ml 

on  the  dimensioDA  of  the  fire-l>rtx»  tubes,  and  smokt^-box.  Mr.  D.  K. 
^_  Clark  has  invcBtigated  the  iofltienco  of  them  cjrcumatanoat  fnm 
l^^fe  hia  own  ex[ierinient3,  and  from  thoM  of  I!k(efisr&  HanuboMoob 
^^  Poloncean,  and  others,  and  hits  shown  that  the  vncnnm  in  tbr 
I  Mnoke-box  is  about  0*7  of  the  hla-st  pressiiTe:  that  the  vai'uum  in 

^H  the  tire-box  is  from  ^  to  i  of  that  in  the  smoke-box :  that  the  lak 
^H  of  evaporation  varies  nearly  an  tho  tHjviare  root  of  the  vncnum  in 
^^  the  srookc-  box :  that  the  be^  proportions  of  th«  ohimney  and  oih«r 
I  parts  are  those  which  enable  a  givm  draught  to  be  prodnoed  witli 

I  tho   greatest  diameter   of  bla^^t  \n\*c.,   because   the  grtxter  that 

I  diameter,  the  Imb  is  the  back  preiuure  produced  by  the  resistaikcv 

I^L  of  tlio  orifice :  that  the  same  pn)pr>rtionit  are  best  at  all  nU«  of 
^f  expansion  and  at  alt  speeds:  and  that  the  following  pro{>artiaw 
^^  are  about  the  beat  known : — 

L  Sectional  area  of  tubes  within  fenilee, 


.  ^    p   arpa  of  gnilc. 


Sectional  area  of  chimney, 


1 


of  gmte. 


atm  of  gntb 


Arsa  of  bhist  oritice  (which  should 

Bouii-'wliat   beluw  tlie    throat  of   the 

chimney, 

Capacity  of  smoke-box, « =  3  feet  v  area  of  grata; 

Length  of  chimney, ^it«  diameterxl. 


be)       , 


If  the  tubes  are  smaller,  the  blast 
also;  for  example,  if 


orifice  moot  be  made  snttlkr 


Sectional  area  of  tubes  within  ferules ^  =^  aiv«  of  ^rat«, 


Then  area  of  blast  orifice . 


JL 


area  of  gtsic 


368.  Example*  af  I.*cem*UT«  Ra|ria*«> — The  examples  here  0M> 
ape  from  two  ln.N-»notive  cnjiiin^  liy  Messrs.  NfilBtm  &  <^'o,.  which  an 
aelectod,  like  the  screw  marine  engines  of  Article  382,  bconuw  tli^ 
are  good  and  efTicient  epecimeiia  of  the  class  of  e-ii^^incs  to  wliicb 
ihty  belong,  and  have  nothing  unusual  in  their  proportloui  lad 
arrangemenTLs. 

l^'ig.  169  is  a  aide  view  copied  from  a  photograph  of  a  nx-^ 
engine,  wltV)  tvro  ^\v&  tA  V\u*^%  enM^AwL    ltd  scale  ia  aboni 
the  real  di™^i^<^":uu 
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Fig.  170  is  a  loagitudtiud  Bection  of  an  engine  of  the  same  class 
itb  Uie  preceding,  but  witb  aomewrbat  lai-g«r  driving  wheeia,  being 


Fig.  1G9. 

ided  for  a  less  steep  line  and  higher  speeds.  The  scale  in  Vr  of 
I  real  diraonsious.  The  detniU  of  Uie  N-alve  gearing  an  omitted 
Fig.  171  shows,  ut  the  left-hand  side,  a  cross-aection  through 
If  the  fire-box,  and  at  the  right-hand  side,  a  cross-aectiou  Uirough 

the  smoke-box,  of  the  same  eugine. 
Fig.  172  is  an  elevation  of  the  valve  gearing  of  one  cylinder, 
the  cover  takeu  oS  the  valve  chest  to  show  the  slide  valve  and . 

Fig.  173  shows  a  plan  of  the  valve  gearing  of  one  cylinder,  aad 
longitudinal  section  of  the  cylinder  aud  valve  chest 
The  scale  of  lags.  171,  17i,  and  173,  is  ^  of  the  real  dimen- 

IS. 

A  is  the  axh-pan ;  6,  the  grate;  C,  the  fire-box.     In  fig.  170, 
the  heads  of  the  bolts  which  tiu  the  outer- and  inner  shells  of  the 
fire-lK>x  together  are  irrt-gularly  nlaci-U ;  but  tliat  in  an  oveniight 
in  the  engraving;  they  uuKht  to  be  ruuged  iu  vurtical  aud  hori- 
zontal lines.     !>  ifl  the  fire-(t..or. 
^^^  E  are  the  tubes,  extending  from  the  firo-box  to  the  smoke-bo 
^B*.     G  is  the  lower  end  of  tint  chimney. 
^V  I  is  one  of  the  horizontal  fuod  pumju,  worked  by  a  Un' 
r     of  the  e«;eutric8.     U  is  the  supply  pij-o  fi^in  the  watoi 
I      tender;  K,  the  feed  pipe,  lending  to  the  boiler. 
L  is  tl»  water  apace  round  the  fire-box;  M,  1)1?' 
steam  space  above  it 

N  are  longitudinal  ribs,  to  which  thfi  ctowi 
stayed,  as  explained  in  Article  312,  page  4^9. 
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litiooal  rapport  from  vertical  stay  bars,  hang^g  from  the  ndei 
of  the  Eteam  dome. 


Fig.  iTi. 

IB  the  space  above  the  lubc!!,  in  the  barrel  of  tho  boUor.     P  ii 
steam  dome,  on  tho  top  of  the  pxtcmat  tJiell  ahuvo  the  6r»-box. 
This  part  of  the  shell  in  Uie  engine  mpreneiited  is  of  a  radina  a 
UtUe  greater  than  the  haiTel  of  the  boiler-,  W\.  ui. toutv^  w«gi.xvM 
fibr  exAmpIOf  thoa^  of  Meastg,  KItaoQ  &  CoA  \l  \ft  x&aAd  o^  ^!bn 


r«.  171. 

)  ia  the  space  above  tlie  tubes,  in  the  b*r 
steam  dome,  on  the  t^ip  of  the  extenitd  i 
U  purt  of  the  sl)«ll  iu  the  engiiie  n^r 
le  greater  tliaa  the  barrel  of  the 
r  example,  those  of  MeoanL  £atfiou  • 
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Q  is  one  of  ihe>  t»Teix  rklres.     The  other  mfs/tf  vaJve  is  omitted  V 
;.  170,  bat  sbowc  in  fi^  169,  as  itiBdiii^  on  the  middle  of  tha 
il  of  tbe  boiler. 

I,  R,  R,  is  the  Bteam  pipe,  briaging  stMm  down  from  the  dome^ 
ttlong  the  top  of  tbe  barrel  -^ 

i,  8,  tlie  n^Utor,  a  ixmioki  tsItb  worked  hy  a  screw.     T,  fl 
;h  fiteam  pii»e;  U,  dide  T«lve  chest;  V,  slide  valve;  W,  W,  ■ 
ports;  A,  (^linder;  Y,  exluiut  port;   Z,  exhaust  fnpe.  H 
two  exhaust  pipes  tuute  in  the  blase  pipe  a.  ^ 

i,  piston;  c,  pijtxon  rod;  df  connecting  rod,  driring  a  crank  on 
front  driring  axle^";  e,  coupling  rod,  eonnecting  crauks  on  tho 
driving  axle/*  and  bind  driTing  axle  /*.     g,  front  driving 
I;  /:,  hind  driving  wbeeL 
I,  forward  eeceutric,  and  m,  backward  eccentric,  of  tbe  left  ftlide 
«,  forward  eooentric  rod;  o,  h*(4:w&rd  eccentric  rod.   These 
are  jointed  to  the  two  ends  of  the  link  />,  whi'cb  is  jointed  at 
centi-e  to  and  supported  by  a  naiHj  vortical  bridle  or  lever, 
"  itiug  about  a  fixed  centrb     ris  the  iilide  valve  rod.  ami  9  tha 
jnnectiiig  rod.  tfaroueU  which  the  rod  r  receives  motion  fivm  a 
idei-  iu  tbe  link^.     The  radius  oi  the  centre  Hue  of  tbe  link  is 
;  lengtb  of  tlie  rod  f.     The  slider  and  the  rod  ^  are  shifted  into 
ferent  iHwitiorw,  so  as  to  alter  the  expanxion  or  rererse  the  t^ugine 
n.-<]iiired  (as  cxpUined  in  Article  3-lS,  page  41)7)  by  mcnuH 
the  rod  it,  onnnected  with  the  lever  t     A  pair  of  those  levers,  to 
on  the  two  link  motions  at  once,  project  from  tbe  rocking  shaft 
On  tbe  left'haod  outer  end  of  that  shaft  is  a  vertical  lerer, 

through  a  long  rod  r  (putiy  seen  in  6g.  170),  witli  tlio 

rening  handle  w,  bj  means  of  which  tlw  engine  driver  controls 

le  link  motion.  .  jH 

In  Uie  6gure,  the  revcrsiug  handle  is  nmply  a  lover:  but  Usm 

many  engines  as  now  ooostrucied,  it  acts  on  the  rod  v  by  ro«u»»  of 

m  screw,  which  ia  safer  and  more  convenient  .     .     , 

f  «,  «,  ac,  ara  tho  springs;  y,  a  balance  levi-r  to  distribute  Itio  load 

Squidly  between  the  two  pair^  of  driving  whwl^,  notwiU'stantUDg 

irreguLirities  in  the  auriac©  of  tbe  rails;  z,  training  axK;  and  *J««'' 

33^.   lA^mman  K.«i.i«  r«.  <:».m.mi  ■■•.J.  were  laventea  uy 

Hr. 

For 

the  lorm  oi  "  ttactiou  enguics. 
drawing  trains  of  heavily  laden  vcbicles  at  a  lo"' 
four  or  five  miles  an  bour.     To  iu«uro  tb*' 
■ball  take  a  sufficient  hold  of  tho  road,  wl 
they  are  mudu  very  broad  in  tbe  tire.  sO' 
and  are  sometimes  tranavrn-cly  or  '■* 
engine  or  road  locomotive  of  Mr 


rhon 


■.  Guniey,  Sir  James  Anderson,  Mr.  Scott  Rn«a'll,  nud  other 
r  many  yeara  they  fell  into  thuuDe ;  but  have  been  revivou  1 
I  form  of  "  tntctiou  ensiiics."     These  loacbiucH  *ro 


other*. 
in 
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the  vbecls  an  iudiun  rubber  tire,  nbont  12  incba  broad  ftnd 
incites   thick.     Thc«o  are   foand  to  anawur  well    on    all   tOfts 
gn)inid,  hard  and  soft,  ruugh  aod  atuooLh.     (Seo  TAa  Engineer,  id 
Icpttiiuber,  1K68,  page  191.) 

Section  9.-0/ Steam  Twrhina. 

390.  The  »faii—  memm  BttciM.  in  a  mdo  furm,  is  described  k 
thu  /*n€Umatic»  of  llero  of  Alexnndrift.  It  wii8  iuiptviTed  ud 
btuu^bt  into  nse  to  a  limited  extent  by  Mr.  Rutbveu.  lu  |iriDd[i)e 
and  nuHic  of  octiou  are  analngniis  to  those  of  a  rractioo  water  vlual 
(Article  171,  iwgo  190;  Article  176,  page  197.) 

3!)1.  The  Paa  mimim  «*■!««.  inventea  by  Mr.  WtlHiim  GonDtti, 
ia  atialogotia  ill  it«  principle  and  modu  of  action  to  an  intntn/  JUm 
WHU>r  tiirlrtne,  (Article  171,  page  191;  Article  173,  pa^  193; 
Articiti  174,  pagva  194,  19d,  \W,  Jtc.)  An  enf^oe  of  thu  kiiMl 
was  used  at  the  Ohwgovr  City  >Saw  Mills,  and  was  coosidared 
eqtud  in  efficiency  to  an  ordinary  high  pressure  engiue. 


ADDE.SDL-M  TO  AitTiCLE  385,  page  630. 

OaMcr-prc«anr#   Miraai    !■    LwcaMatlfBa.— Stewn    in  aaail  to  act  bf 

eoutdfr-prruitjre,  vihco  th«  TAlr«fl  arc  put  ID  backward  gear  rltiriiig  tM 
forward  motiun  of  the  ttiiL-ine,  so  aa  to  mnkb  the  cjlindera  comtniuiuate  witk 
the  cxbaiiat  pii)e  duritig  llic  forwanl  stroke,  uiil  v-itli  tho  Wilpr  Honimtlie 
Ult«r  part  cif  tlifl  returu  stroke.  Tha  c>-liiKlcrs  thus  act  a«  punijia,  rorong 
vajwnr  uito  thu  IkuU-t  ^iu»«t  the  prenure  there.  I'he  ii>e  oi  UukL  mction  ■ 
to  do  tbe  (hity  of  a  lirake.  m  retarding  or  etoppinK  the  train  whrji  re<tiun^ 
and  in  preventiti^  exceuive  acceleration  on  desceooins  iiradieotK. 

Whoa  the  cyliitdf^ra,  lu-tiii^  in  thi«  miuiiier,  used  1»  drAw  in  air  at  the 
blaetpipa  and  force  it  into  the  boder,  great  injury  wu  done  by  tbe  dtut 
lund  licjit.  In  order  tci  prevent  that^  M.  )e  ChAtelier  intrudnced  the  systera  of 
supplyioi*  tbe  exliauiit-|n|ie  of  caob  cyliudcr.  wbisi  wt>rkitig  at  ctmntcr. 
pntMQre,  with  a  mixture  of  lii]uid  water  and  steam  from  tlie  boiler,  ia 

auuitity  sufficient  to  canae  a  alight  eecaiie  of  eteaca  from  tbe  blui4t-|npe,  and 
vu  to  prevent  the  entrauov  <a  hot  air  and  duat.  Tbe  hqiiid  water  and 
■teani  aiv  ltd  from  (he  boiln  to  the  cxbantt-pipa*  through  tul>M  altoat  4  or 
f-iuch  diaiii>jt<T,  with  snitalile  orcka  or  valves  to  adjust  thu  t^uuiLittes  sap* 
plied.  The  water,  daring  the  forward  stroke  of  the  puton,  expands  into 
steam  of  atmoephmo  i>t«e«Drc.  tilliiii;  the  cylinder,  and  |)ar(Iy  escaiNii£  al 
the  blast-iiipe;  during  tlie  n-Uirn  utrnki^  that  nU-mm  te  conipreaaca  tJlj 
riKH  to  a  high  preaiurc,  and  ia  then  furccd  bock  into  tbe  booler.  (See . 
Chatelier'i  MifRo'm  aur  la  Marclie  d  Cunire-Vc/jeur  dea  itachinr* 
niotinv,  Paria,  I84>$;  also  the  Eiit;tifih  tninshition  of  that  Memoir,  by 
Xawii  II.  K  Uordoa,  entitled  Haiiway  ihonomy^  Ediaboigh,  ltt69Lj 


PART  IV. 

OP  ELECTRO-MAOXETIC  ENGTNEa 


892.  Wmtr«amrt*rr  BcHutriiB. —  Although   the   principles   of  the 

frelopment  of  mcchnnical  energy  from  chemical  action  through 
etgency  of  electric  aD<l  magnetic  forccH  might  bo  made  the  sub- 
it  of  a  TolilRUDOus  tt-uutim.*  which  would  bo  highly  iuU.-restiDg  in 
Maentific  point  of  view,  the  amount  of  exporienee  of  tlie  actual 
nldng  of  ck-ctru-ina^ctic  engines  is  not  yui  liulliciciit  to  supply 
on  data  which  are  nf>cesAarj  in  order  to  render  auch  a  treaitss^ 
aotically  \'ulual)le.    In  Iht*  present  work,  therefore,  a  hrief  outlia« 
Jyofthoiw  principle!*  will  be  given,  illustrateil  by  deacriptiona 
thruo  forms  of  engine,  two  of  which  are  aelecteii  on  account 
their  simplicity,  and  probable  efficiency,  though  hitherto  umd.] 
piocc!)  of  phtlo3ophiciiI   ap])nratus  only;    ana    the    third,  on 
count  of  itfl  having  been  for  some  years  in  pmctioal  operation. 
The  experimental  data  to  be  afterwards  referred  to  are  for  the 
Mt  part  dne  to  the  researches  of  Dr.  Joule  and  Dr.  Andrews, 
le  theory  of  the  subject  was  first  correctly  set  forth  by  Profe 
blmholtz,  and  Pi-of^gsor  William  Thomson,  in  a  Beries  of 
ibUahed    reapccti%'e]y  in  Poggendorff'a  Annnlen,    and   in    thai 
Ulosophical  Trangaeticrm  and  PhUoaophical  Jfugatine.  eepeciallyj 
"O  papers  in  the   Philagopkical  Mtujmine  for  December,  1851, 
te  summaTy  of  that  theory  which  will  be  given  is  in  tho  main 
tractt>d  from  a  jwipiT  by  the  Anl-horof  this  work  "On  the  General  | 
kw  of  the  TninHtoriiiation  of  Enetxy"  (Phil.  Mag.,  1853). 
393.  Knrrin,  Aciaai  ami  PotraiiMi. — Knertfif  has  been  defined  in 
rticlo   2^,   pn^(!   32;    and  the   dii^tinction  between  actual   and 
tentiol  energy  haA  Iteen  explained,  so  far  as  tt  r«>)at«s  to  meclian- 
U  energy,  or  energy  of  motion  and  of  force  tending  to  produce 
Cition,  in  the  same  Article,  ami  iu  Article  31 ,  pages  35,  3t>.    1 1  has 
rther  been  explained  in  Article  196,  page  224,  and  Articles  235, 
^1  P*g^  ^^'•'i  •^''^^  t.hat  heat  ie  a  form  of  energy.     In  order  to 
identand  the  application  of  certain  generai  laws  respecting  enet 
electricity  and  mogaetism,  tho  deAnitJona  of  energy*,  actual 
teatial,  mnst  be  extended  so  as  to  become  perfectly  genenl 
■tract,  as  follows : — 

A  capacity  for  performing  work  is  to  be  called  actttal 
Hen  it  ooDfiista  iii  a  state  of  present  activity  of  a  si*' 


■uscTRO-UAOxmc  EScnrES. 

ma  motjuu,  heat,  cunvut  electricity ;  and  potextial  BNEBar,  vlua 
it  ooDSsta  in  a  tendency  of  &  certain  magnitude  towurds  a  cbiingt 
of  ft  ocrtaio  magnitude^  such,  u  meolmaical  poteutiit]  cnvrgj  (Uut 
is,  wed^t  or  jn'^essiire  upable  of  sctdng  through  a  giveu  cput), 
obeniical  affiuity,  electrical  teDUOiir  maguctic  tt^UKiuu. 

Tlie  getieral  law  of  the  tranji/ormation  <^  etvtnjy  bfui  already  beea 
stated  iu  Article  244,  |>iige  309.  Tbu  priactplcs  which  will  be 
exphuned  iit  the  ai^ui^l  uru  iit&tanc««  of  its  Application  tci  Iha  octiul 
encix)'  uf  ctirrtiit  ulevtriclty,  uud  the  put«Dtiiil  vucrgy  of  elecin- 
uingn<'ti<^  fttttncliui). 

3!>4.  The  KMvcr  *t  v^rimumi  ActioM  ill  the  source  of  the  power 
of  electro-nsgnetic  cnginea,  oa  it  is  of  that  of  heat  enginOL 
Chemicai  affinity,  or  the  tendency  of  two  Rubdtanoes  to  oomfaaw 
rlieinirjiUy,  is  a  iiort  of  potential  energ>',  which,  when  the  substanoM 
uctuully  do  combine,  in  ivplaoed  hy  actual  ener^  in  the  ionn  ol 
heat,  or  of  cnrrent  olectricity,  or  of  both  combiaed.  Kxamphsaf 
the  quautities  of  energy  in  tlie  form  of  hcttt  produced  by  the  oo»- 
biuatinn  of  various  unbHtanci-!!  witli  oxyf^cri  have  l>een  ijiveu  nndcz 
the  heiwl  of  "Combostion,"  iu  Articlta  233,  324,  poges  207  to  273; 
and  thn«o  qtiuntities  cun  be  cx|)iT-H^>d  in  fontpouiids  of  caetKf 
bv  multiplying  by  Joule's  equivalent  of  a  British  thermal  vm, 
7*72. 

It  Is  BometimeR  diffictdt  or  impontible  to  obtain  the  whok 
energy  prttducod  by  a  givra  chomicnl  coinbiimtioii  at  oncv  in  the 
fortn  of  h(>at.  In  that  cane,  the  ent^rgy  may  he  obtained  fim 
in  the  funu  of  ourrent  electrieity,  and  reduced  niWrwards  to  tin 
form  of  hpftt, 

Tlic  following  are  the  data  of  the  greatest  importnnce  in  dtt 
theory  of  electro- muffnetio  engines: — 

I.  Enei-gy  devdoped  by  the  solution  of  one  lb.  of  rinc  in 
DaDiell'«  batter)*,  the  lit|uid  iu  the  cells  being  a  solution  of  sul- 
phate of  copper  in  wator — 

BritlibUHniri 

Heat  produced  by  the  combiuHlion  of  tiuc  with 
oxygen  and  sulphuric  acid,  and  the  itolution  of 
the  compoQud  in  water, 3oo6 

ZWurf— 

Heat  consumed  in  separating  copper  in  the  aolid 
Btatt^  from  the  solution  of  atUphate  of  copper  iu 
water, 1587 
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772  =  1,095,468  foot-lba.  per  lb.  cSnr*- 
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sn 


is  &«f  Mon  oTie-tentA  of  the  total  energy  developctl  by  hiim- 
one  lb.  of  carbon. 
EL  Eoer^  develupcd  by  the  solatiDn  of  one  IK  of  une  in  6me«'B 
T,  the  liquid  in  the  cells  beiog  dilute  stilphoric  acid — 


DritUh  tbmul 
uttixa. 


[Heat  produced  by  the  combination   of  zinc  with  ) 

oxygen  and  sulphuric  acid,  and  tho  solution    of  |-    30O(! 
tlio  compound  m  wutur, j 


[«at  consumed  in  separating  hydrogen  from  dHtlUd  } 
sulphuric  acid, /    3io5 


900  X  773  =  694,800  foot-lbe.  per  IK  of  mw. 


900 


'Th 


is  K  aljotit  om-nxieenth  pari  of  the  energy  developed  by  hum- 
one  lb.  of  carbon. 

95.   C»ni>iir«ilTf  Com  of  Warklng  Ble<in»-«minirtlc  Rn^ar*  as4 

KngiQc^ — It  la  certain  that  the  fjKrini''}/  cm   be  matte  to 

niiuatc  much  more  nearly  to  unity,  the  limit  of  iwi-ffctinn,  in 

-tnagnotic  engines  than  in  heat  enRinea.     At  present,  how- 

r,  the  rutio  of  tlu-ir  cfficienoioB  can  only  be  roughly  estiniMtod; 

it  may  ha  coimidered  as  a  favourable  view  towards  electro- 

letic  eni;rinf.-»,  to  estimate  their  greatest  |K)&<nbIo  efScioncy  a« 

ft'juiU  that  of  the  best  heat  engines  yet  known.     Taking  tida 

account  along  with  the  rcnilte  of  the  calculntiona  in  the  pro- 

»g  Article,  it  appears  that  the  ftsork  pmfurmed  per  pound  0/ sine 

vmf/l  may  be  estimated  fts  folIowB: — 

.  With  solution  of  sttlplmte  of  copjier  in  the  oeHs,  iV  of  the 
rk  per  lb.  of  carbon  comiumed  in  »  h<mt  engine. 

With  liiluto  stilpliiii-ic  acid  in  the  cells,  iV  =  i  of  the  work 
per  lb.  of  carbon  conenmed  in  a  heat  engine. 

Before,  therefon:,  electro-magnetic  engines  con  become  equally 
economical  with  heat  engines  as  to  cost  of  working,  their  working 
expense  per  !b.  of  zinc  consumed  must  fall  until  it  ia  from  /tmr- 
tewm  to  orta  ipiarter  of  the  working  expense  of  a  heat  engine  per 
IK  of  carbon,  or  of  con]  equivalent  to  carbon. 

Tho  iir«*nt  iirice  (H^pteralwr,  185U)  of  sheet  zinc  is  between 
fijiy  anil  tixiy  timet  that  of  auch  cohJ. 

It  ia  evident  frtmt  these  facts  and  calcnlotiona,  that  electro- 
magnetic engines  never  qui  come  into  general  use  except  in  cases 
where  the  [K>wer  required  is  to  small  that  the  coat  of  material 
ooosnmed  is  of  no  practical  importance,  and  the  situatiuD  of  t^ 


■umo-iuayiTic  EsccriB. 


H   i^ 


» 


iiiaebi&er7  to  be  drivea  is  such  u  to  make  U  very  dagirmU*  to  Inm 
a  primu  morer  without  a  funuuse. 

390.  Ad  Kii«tT«-ct»cMicai  circBii  ooDsists  of  a  hatterr,  with  i 
eondiictor  enniiocting  itA  two  en<U;  and  its  arran^mcut  nujbe 
repretfuuted  symbulicuUy  ua  tulluwa: — 


OLZOLZOLZOLZ 


This  iwprwwntii  a  batleiy  of  fonr  cell*,  each  cell  being  denoted  by  tbt 
symbol  C  L  Z.  Z  dfrnitcii  a  plate  of  zinc,  the  substance  to  be  di>- 
uWed ;  L  the  solvent  liquid,  containing  the  substances  that  cnmbins 
with  the  zinc;  C  a  pUte  of  copper,  silver,  or  some  such  mftal  whidt 
has  le^  affinity  for  the  srilveiit  t}mn  the  zinc  hits,  and  which  acts 
merely  as  a  conductor.  The  brace  •— -— -  represents  symboliolly  a 
metallic  win  connecting  the  ends  of  the  Inttery.  The  chettuol 
action  of  the  solvent  on  the  zinc  pvita  the  entire  circuit  into  a 
peculiar  condition  described  by  saying,  that  there  la  a  cnrrent  of 
pontive  electricity  drculatiiuj  Uirouglt  it,  in  each  cell,  from  Z  throudi 
L  to  C,  and  in  the  conductor  ^— «— ■  frum  C  to  Z:  not  that  Ube 
•existence  of  the  so-ciilled  electric  fluid  or  fluids  has  been  prnred, 
but  that  the  nse  of  terms  Utrrowt'd  from  those  which  commonly 
denote  iltv  niutiun  of  lliiidii  is  a  convenient  wiiy  of  describing 
electrical  phenomena.  Tlie  endmoKt  portions  of  the  conductor, 
where  it  joins  the  battery,  are  called  the  tltctrotiaa/  the  posiim 
electrode  joining  0,  the  negative  Z. 

The  ttrtngtfi  of  the  electric  current  is  a  quantity  proportional  to 
the  weight  of  some  standard  substance  which  it  is  capable  of 
flecomfMifiing  in  an  unit  of  time.  It  is  expressed  in  uniti  of  sadi  t 
kind,  that  a  cui-i-cnt  of  unit  strength  decomposes 


•02  grain  of  water  per  second,  op 
*0103  lb.  of  water  per  hour. 


4 


I 

^H         The  strength  of  the  current  pi-oduoed  by  a  given  Imttery  is  pl» 

^H  portioniJ  to  tliv  quantity  of  rinc  dissolved  in  a  given  time  in  <M 

^H  cell.     To  pi-odiice  a  current  of  unit  strength  tequit-es  the  cotisuiaj^ 

^m  tion  in  each  cell  of 


"0728  grain  of  zinc  per  second,  or 
'03744  lb.  of  zinc  per  hour. 
T*t  -/  dmot''  the  sti-eng^h  of  tlie  current;  «  the  zinc  consumed 


pr  tlU  ffer  /war. 
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MS 


y  = 


03744 


.(1.) 


The  tieelro-tnotive  force  uf  a  battery  In  a  quantity  such,  that  whea 
multiplied  by  tt>e  atrongtU  of  thn  current,  the  product  is  the 
fQT  prudii(X-d  by  the  butt^^ry  iu  u  givvn  time  (trach  as  au  hour), 
U  pmnortioiial  to  the  numWr  r»f  rt-lts.  I 

Let  M,  then,  dvuuto  the  ctccti-o- motive  force  of  one  cell,  n  thai 
imber  of  oplls;  aldo,  let  K  he  the  energy  developed  per  lb.  of  xiiioj 
ted,  as  stated  in  Article  394 ;  tbeu 


that 


Mnya£n«. 


..(2.) 


M  =  -03744  E  -  for  DanieH'B  batteiy,  410U ;  \      ,„  v 
for  Sniee'a  battenr,      26013.  j  ""^    ' 


these  taIucs  of  M,  it  in  to  b«  borne  in  mind,  that  Uie  unit  of 
is  one  pound  w^ght,  aud  the  unit  of  time  an  /untr.  In  Pro- 
Thomson's  papeni,  the  unit  of  force  is  ^-p^  of  the  weight  of 

uo,  and  the  unit  of  time  a  second. 

le  lieat  produced  in  a  given  time  by  a  gi^'en  cnnv-nt  in  the' 

le  circuit  is  proportiomil  to  the  B<jitare  of  the  strength  of  the 

it.     That  quantity  of  heat,  then,  is  expressed  by 


K 


.8- 


.(*■) 


ere  R  is  a  quantity  called  the  reaittance  of  the  circuit,  being  the 
t  de%'eIoped  iu  it  in  an  unit  of  time  by  a  cuirent  of  unit 

_  h. 
The  renstiuico  of  a  circuit  is  the  snra  of  the  rcsistimces  of  the] 
ious  partfi  of  which  it  consists,  comprehending  the  platc-s  and 
of  the  cella,  and  the  conductor  which  completes  the  circuit 
le  rejd<itanc<»  of  condurtntft  made  of  a  given  substance  am  directly 
their  lengths  and  inversely  as  their  sectional  areas,  or  directly  as 
squares  of  their  lengtlin  and  inversely  as  their  wei^hta.     Let  I 
be  the  length  of  any  one  conductor  in  a  circuity  iu  feet,  whether 
or  liquid;  w  its  weight,  in  lbs.;  then 


Wie 


to' 


■(5> 


I  f  is  a  co-eiHoiont  depending  on  the  material,  and  called  the ' 
njic  reliance  of  tliat  materiuL     Professor  Thouisoii  gives  valaei 

of  (  in  which  lite  unit  of  force  ia  -^^.^  of  *  grain  weight,  the  unit 


I 


5ti 


nicnu>-)UGirtTio  sscma. 


of  nuiii^  that  of  a  grain,  ami   the  unit  of  time  oae  Mcoud :  to 
mfncQ  tliBK  to  Ta]a«s  in  vrluch  the  unit  of  fore(>  is  ouv  pond 
vright,  the  nnit  of  mum,  tlial  uf  a  |jutuid,  uud  tlie  unit  of  liiit 
I  one  hoar,  they  are  to  be  moltipUnl  hy 

The 
tamp 


83-2  X  iOOUOOOO 

The  fnnowing  am  namples  of  the  rasaltB  of  that  redaction  fir 
twnpBiaUuiM  of  SOP  Fahrenheit : — 

Ocpppo- wirv, « f  =  £n»n  17S  to  13& 

MercuTT, f  =  10,356. 


When  the  circnit  protlnces  no  chemical  deootnposition  oot  of  thi 
no  Duuneiic  induction,  and  no  mechanical  or  other  cxtenti] 
,  the  vmoU-  of  thp  cnefCT  developed  by  the  chemical  actum  ia 
the  cells  takes  the  fonu  of  licat  in  difTerunt  parts  of  the  ORnit 
This  fitot  is  expressed  bj  the  following  eqiution : — 


Enz  =  Mny=RyS; 

one  of  Uic  consequences  of  which  is  the  following : — 


•w 


5'  = 


R 


"<7.) 


or,  tke  Hrertfflk  qf  the  eurrcjU  is  Jiroetlj/  a»  the  tUetrO'motiveJbreBmd 
moendjf  as  Vie  rtsigtanc^  of  the  ciraai;  being  the  celebssted  pri&- 
dple  known  as  "  Ohm's  Iaw." 

Another  ronfteqnRiice  shows  the  inpiditj'  of  chemical  actttm  in  a 
given  circuit,  viz. : — 


l>4  = 


M  fl  y       >P  n* 


E 


y:\i 


m 


^ 


397.  BfletCMcr  <*<'  Elc«r«-«waa«fl<e  Knctian. — Equations  1,  3,  S, 
4,  and  fl  of  Articlo  31)6  are  applicable  to  oil  ulcctro-chcmical  ctrniiu 
wliaiaoever.  Equations  B,  7,  and  8  are  applicable  only  to  on  viU 
traUeiy,  m  it  nay  be  calletl,  in  which  all  the  energy  is  spent  in  pra- 
ducing  hnit  in  the  materiftU  of  the  circuit 

Ati  (electric  cirxMiit  may  move  mechauiitm  against  resistance,  and 
so  pcrfunu  nKMrhanical  work,  in  three  wayit. 

1.  By  the  mntiial  attmctions  and  rc-putsions  of  mrrenti,  or  of 
parts  of  one  current  CuiTcnts  in  the  sime  diraotinu  attract,  and 
currents  in  oontmry  tiiitvtiuua  ropel  cuch  other.  This  method  ha* 
been  used  in  pliilos^'phical  nnpfttatua  only. 

Bv  tho  at  tractions  and  pcpulaionn  Iwtwoen  ourrpnts  and  per- 
A  magnet  [•lacod  with  ita  fwnth  polo  towards  the 
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^of  the  spcctAtor  attracts  etirronU  whone  direction  is  that  of 
'lauded  re^'olntion  relatively  to  ite  aids,  and  repels  those 
_^^  direction  is  that  of  left-handed  re\'olutioii. 
IlL  By  the  ottrwitions  and  repulstDos  betv-een  tcropomr^  and 
icut  magnets.  A  conductor  coiled  round  a  soft  iron  1<ar, 
a  current  is  Rent  through  it,  magnetizes  the  bar  in  that  dini^- 
which  makes  it  attnivt  the  current,  according  to  the  principle 
'  above  under  head  II.;  when  the  current  ceaAeji  the  magnetiam 
I ;  when  the  current  b  t«>'eT»ud  the  din:ctiun  of  tlie  magnetism 
iwersod.  OpiKiKite  poles  of  magnets  attract,  Rimilar  poles  repel 
other;  so  tliat  by  periodically  ruvursing  tJie  temporary  mag- 
ism  of  a  soft  iron  bar,  it  may  be  roatle  to  t^e  a  n-ciprooating 
tion  towards  and  frt>m  a  permanuDt  magnet. 
XV.  I)y  the  mutual  attractions  of  temporary  magoets. 
The  etficiency  of  the  engine  in  all  those  cases  ia  governed  by  two 
iciplta:  1.  The  jxrfonnattce  of  exteFTtai  toofric  hy  an  doctric  cirntit 
a  cowUeractivc  forea,  oppotmg  th«  eUctroinotn'e  forcc^  tcAoM 
is  equal  to  the  eaetvmal  wofx  performed  in  an  unit  of  time 
hjf  the  ftrengl/t  of  the  current. 
lifit  0  be  ihe  external  work  jwrformed  in  an  hotir  by  the  engine, 
lis  givps  rise  U>  a  certain  connteractive  force,  which  causes  the 
it  to  be  of  less  strength  than  that  which  the  battery  prodnoee 
rlien  itift.  Let  y  be  the  atrcngth  of  the  current  in  the  idle  cii'coit, 
^veu  by  equation  6  of  Article  396 ;  and  -/  the  strength  when  the 
C  is  performed  per  hour.     Then  the  counteractive  force  i^ 

the  strength  of  current  v'  is  the  same  as  if  the  electromo*. 
force,  instead  of  being  Mn,  were  Mn j',  that  is  to  say. 


Mn 


y  =  -Ti 


.(I). 


R    ~  y'R' 

This  principle  might  be  deduced  as  a  consequence  from  the  law 
of  the  ooni»cr\-ation  of  energy;  for  multiplyiDg  equatioa  1  by  y'  R, 
and  tnuksposiug,  we  lincl, 

XJ=Mny'— Ry'»; (2), 

which  exprsnei,  that  the  %a^  work  of  the  engine  i$  the  exeete  t^ihe 
Wtofe  vMTpf  der^oped  in  th«  batterp  M  n  y',  above  the  enayy  vxul^ 
ui  prodtteutg  h«at  Ky'*. 

3.  A  second  (inneiple  in,  that  the  altraetiona  and  nepuZnonjr  ^>r  •- 
dneed  hy  a  ^ven  ciratil  and  apparahte  aimmgtd  in  a  given  <■  / 
artproporii<mnl  to  the  gffitanj  ofih''  itnmfjth  of  the  current  (a  law  Uu* 
oovured  by  Mr.  Joule);  so  that  we  may  make 

an 


i 


C=:A,-» 


[•»'—»! 


»  = 


A  +  R' 


„{i) 


«■• 


r= 


'stA  +  ftjr' 

AlPii* 


fWtW 


H¥7 


Ay'_       A 


•(«■) 
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Aoa  wUdk  it  ^^etn  Uiai  dw  effioency  of  the  en^ne  appnui' 

mates  townrdfl  oml^  ai  A* 
bctor  A  tncreaMs;  batil 
the  ■use  tiine  the  aWHtr 
work  performed  diminidui 
without  limit. 

398.  KMMtog  niae  ■» 
«!■•» — Thii  machint',  ti* 
rimp]«8t  of  all  electro- tiuig- 
netic  engines,  bnt  hiUiiru 
nsed  in  the  lecture  roan 
only,  is  the  result  of  a  d» 
covety  of  Arago'a.  In  fif. 
174,  N  and  S  An  the  oortt 
and  aoutlt  poles  of  «  per 
mancxit  magnet,  bo  shapel 

M  to  appmac^  Torj  near  19 

tiifr  two  &oe>  of  a  coppv 

•  ilai  dbe  toxBB  on  an  uoa  A,  w2u« 

ira)  Maa*  rcat  en  inwlalina  inpparta 

tt«Fob*crtheB«netd^ 


7^^    ■  i^ 


fig.  i;t. 


1W  k>««rfi%»  «r  4«  ~ 
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into  a  cup  H,  contAining  mercury,  C  and  Z  are  oondTicting  vires, 
ooauieciiDg  respectively  the  axis  of  tLe  disc  aud  tbu  mercury  in 
the  cup  with  the  «lecirodea  of  a  galvanic  battt-ry.  By  the  ar- 
rHugemcnt  shown  in  the  figure,  an  electric  correct  is  miide  to  pan 
from  the  positive  electrode  to  the  axis  of  the  disc;  thence  through 
the  disc  to  the  merciuy,  and  thence  to  the  n^udve  electrode  of  the 
bfttteiy.  The  action  of  the  poles  of  the  magnet  on  the  diiio  is  shown 
"hj  the  diagram,  fig.  175.  S  is  the  magnet,  with  the  south  pole 
txptxed  to  view ;  the  arrow  head  on  the  circlo  shows  the  direction 
of  the  revolving  cnrrcnt  to  which  the  magnet  is  cqiiivolent.  AB 
a&d  A  E«re  two  portions  of  the  cDrreut  in  the  disc,  from  the  axis 
to  tlie  mercury.  According  to  tiie  principle  tliat  currents  in 
the  same  direction  attract  each  other,  and  currents  in  opposite 
directions  repel  each  other,  the  magnet  attracts  A  B  and  re|tt-I»  A  E, 
■nd  BO  ke<>ps  up  a  continuous  rotation  of  the  disc  in  the  direction 
BE.  The  direction  of  rotation  can  be  rovcrsted  by  reveraijjg  the 
oorrent;  that  is,  by  ootmecting  A  with  Z  and  M  with  C 

390.  Bttiaiini  Bar  Raj|iii<!. — This  machine,  tJie  invention  of  Mr. 

Webster,  is«iiowD  in  fig.  176.    N  S,  N  S, 

two  somicironlar  permanent  magnetfl 

fixed  within  a  frame  of  brass  or  other  dia- 

inagnetic  material,  and  ha%-ing  two  gaps 

betwetQ  tlieir  i>aii-a  of  coniiguous  poles, 

vrflich  are  similar,  as  iudioitcd   by  the 

ettcrs.     M  is  a  mercury-cup  of  non-oon- 

lucting   material    on    a    pedo«tal ;    it    is 

iirideu   into   two   parts  by  a  diametral 

Bom-conducting  partition,  in  the  plane  of 

he  permanent  maguets,  as  shown  in  fig. 

177.     In  the  centre  of  the  cup  stands  a 

irot,  on  which  rotates  the  horizi>ntaI  soft  iron  bar  A  B;  the  two 

of  that  bar  ure  cnciroled  by  the  two  portions  of  a  long  coil  of 

inducting  wire.    The  two  ends  of  that  <x^  dip 

ito    the  two    halves   of  the  mercnry  cup,  which 

lalvos  are  connected  with  the  electrodes  of  a  batteiy 

thv  wires  C  Z.     The  ends  of  the  soft  iron  box 

IB  between  the  poles  of  tlio  permanent  magnet,  so 

to  come  very  near  them,  but  not  to  touch  ^em. 

To  produce  rotation  in  the  direction  tndic-uted  by  the  arrow,  the  coil 

nd  the  bar  A  B  is  so  armiigM  tliat  when  the  end  A  is  moving 

Kuu  S  S  to  N  K,  and  the  end  B  &om  K  K  to  S  8,  A  is  a  south 

tole,  and  B  a  north  pole.     Then  b  }  "  (  Jtt^I^  W  ^  S.«aA 
jryjel/gd  J  ^y  ^^'     ^^  ***^  instant  tiiat  \iiB  en^a  Q^  'Ooft>» 


Hr.  17C. 


^5*0 


nuBMltn  of  A  B;  na 
palM  *wl  thrat  of  Ite 
|[«nt  Qih    To  nmw  tU 
luJvMi  of  Uw  mmmj-tof 
4iK).  Tll^  n«B«w  BHi^ 
1;^  JAt.  B<mrUiixze,  fa  repracMited  i» 


8C  W^ 


riR.  17B. 

U  \n  nriw  mwhI  to  a  mnwdpralile  pxtcot  in  France,  for  driving  null 
mnrhitirM  in  pl:io<w  whfre  it  wotilil  be  inconraiiunt  to  liavo  ti  bUmm 
<'niliiio  nitli  its  fiimHivt  nnd  lM>i1rr.  It  bears  itoue  anoIoDT  in  iu 
fi«n»  Kiiil  iuTnti;jt'im'nt  to  u  ntcum  en^ne  with  four  cyliuden, 
I'JMtonB,  mIh1i>  TulvoA,  ^^mm^  crank,  and  ecoentria 

Kig.  I"^  »  N  nido  clrvrttion ;  fig,  179,  aD  end  timf,  Bhowing  tiro 
*»(  tbp  ovlindfini;  fig.  180,  a  plan  nf  the  four  cylindere. 

A  A,  II  H  nvp  futir  fcifl  iron  hoUuw  cylindere,  envoloped  in  «u1j 
of  DMiduciiiig  wiru;  CO,  I) D,  an  horai^aboe  ma^eta,  each  of 


>ugb  to  prevent  contact;  H  G  F  E  ia  the  hcAta,  from  which  the 
elic  pliuigers  arc  hung ;  F  its  centre ;  H  K  tlic  connecting 

L  the  cmtik;  L  tljc  sliafl  and  ecccutric.     Thy  lihajl  corritti 

s  flywheel. 

aba  is  &  slide  moved  by  the  eccentric,  iho  mi'U  a  a  being  of  ivoiy, 
«nd  &of  metal ;  cdo,  conducting-wirefmm  themf'tallicpartfcofthe 
•iide  Uj  tho  negative  electrude;  jj,  conducting  wire  li-om  positive  clcc- 
le ;  9  n,  conductors  from  p  to  the  coil  round  A  A ;  rm,  oondno- 
£rom  p  to  the  coil  round  B  B ;  p,  conductor  from  the  opposite 
Bnd  of  tlie  coil  round  A  A,  terminatii^g  in  the  epring  «,  which  premea 
the  slide  aba;  A, conductor  frcm  the  coil  round  B, terminaUng 
the  Bpring_/,  wliich  preaecs  on  the  slide  aba.  The  reciprocating 
lotion  of  the  slide  eittahli&hea  the  electric  circuit  tlirrmgh  ihe  coils 
[tuund  A  A,  and  round  B  B,  alternately,  and  thuti  mugnetixea 
Itamately  those  two  pairs  of  hollow  cyiindera,  which  attract 
[alternately  the  two  paim  of  magnetic  pluugers,  C  C,  D  D,  and 
give  It  rccipi'ocatiug  motiou  to  the  beam,  and  a  rotator;  motion  to 
the  hSulTL 
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AODKXDUIC  to   ABTfCU   350^    PAOB  500. 

WTwMe  MMe-TaKe  Stac— In  u  mode  of  fitting  ap  did»-Tilni 
inwnted  by  Mr.  J.  R.  Napier  »nd  the  Antbor.  thai  pAtt  «f  tlw  Vlh*  ^ 
which  ounUim  tho  iodaotuni-ectges  of  the  parti  has  a  niiwiiiliM 
motion  Kiven  to  it  by  »  third  ecoeatric :  the  tut*  beinc  dnreo,  ad  tiH 
nte  of  cxpansioD  rancd,  bjr  tvo  Kcontriot  viil  k  link -motion,  m  thi 
ordiztary  way.  The  effact  (n  thia  ia  to  givo  the  elide-valvQ  vutmlly  i 
g(«at«r  Migla  uf  l««d  aod  •  creater  throw  Tor  the  admiacKin  than  tai  tki 
exhaort,  to  an  extent  which  ia  dltennincd  by  the  tfaraw  of  tba  ttori 
•ooentrio;  ao  that  tba  points  of  kIvam  luiil  compressioti  can  bs  a4n»tnly 
th*  boat  poaitiona,  indqiriidcntly  of  tbe  points  of  admianon  At>^  cQt-o£  b 
flg.  A,let  Abethoftxiaof  thecratik-4biift,andA  B  and  A  C. 
the  forward  and  backward  eoccotrio  onni ;  and  in  a  gircD  f» 
poNtion  of  tho  slider  in  tbe  link,  lei  A  D  be  the  virtual  ficccotric  t 
arm,  found  as  in  Articlo  34S,  page  ^M.  Let  A  E  be  tbe  thinl 
cooeatrio  am.  which  givca  a  nci|irocating  motion  to  that 
part  of  the  valve  eeat  which  contains  the  uuiaction-cornora  | 
of  the  porta.  Thia  ecceotnc  arm  oniibt  to  poiat  ia  the  aMiie  j 
dit(H;tii'4i  with  tho  crank  uf  a  dirrct-actinft  engine  I>raw 
A  F  and  E  0  perpendicular  to  tlmt  dirtctioo,  and  join  E  D. 
Then  tbe  admiMion  and  cat-^fTnill  tAkr  iiUef  iw  if  [irvlaced 
by  an  oocmtne  with  the  angle  of  lead  G  E  D  and  haLf-thnnr 
E  D ;  and  the  raleaae  and  conpiiMaioo  wQl  take  ptaoe  aa  if 
prodaced  by  an  eccentric  with  the  aniile  of  lead  FAD 
and  half-tbrow  A  D.  It  is  adviubte  tbat  the  alido-valva 
ahould  be  one  of  thoaa  in  which  tbe  pressure  c^  ateam 
ia  Viataticed ;  for  example,  that  of  Adams,  in  whidi  at  the 
back  of  the  slide-valve  is  a  hog  nruaed  by  a  apnnf  s^nst 
and  alidiug  upon  the  back  of  tiie  valve-cheat,  ana  leaving 
the  ipaMeiKMsed  within  it  in  conmmnicatitni  with  the  exhuut-cavityttftbi 
nhr*.     {See  ^Ae  Engmeer,  Itth  Octobnv  1367  J 


KtA 


ttntlelW 


ACDESDUU  TO  AttTicLES  65,  5B,  ASD  337;   Paobs  63 

■•f»clu>«e«a*  C»*ren»er«. — The  ordinair  governor  ia  not 

lor  when,  in  order  to  adapt  the  opening  of  tne  r^^nlator  to  different _.  _ 

rotates  with  it*  revolving  pendoIaiBs  at  different  ouglM  ta  the  vertical  aM 
the  altitude  h  (^BO  in  ng.  7.  paoe  S6)  aaanmea  different  Taloe^  oam- 
■ponding  to  diOctvnt  speeds.  The  (bUowing  ate  expediante  for  diniuiiihiiif 
or  removing  this  defect  ;— 


whoeo  ooUeottve  weight 
leastha  equal  to  tbe 
down  thd  spindle, 


I  VDVCSIVt 

A,  let  there  be  boos  by  a  pair  of  finki  m 
mi,  A  load,  B,  capalile  of  alidins  op  asi 
centre  of  gravity  in  the  axis  oTmtatiaik 
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.  tho  cfiDtriAigml  force  u  that  (lii«  (o  A  alone ;  boJ  tbo  effoct  of  graTitv 

It  (lao  to  A  -i-  2  B ;  ooasoqaently  the  altitade  for  a  given  speed  ii  incntawd 

tho  ntio  A  +  2B:A   w  compared  with   that  of  a  Ritapls  revolviDg 

lultmii  ftodagiveaabaolotoTariatiiiii  nfiUtitudo  in  ninviuy  tbo  regulator 

Idom  a  wnaltor  praportiaiuta  variation  of  Bi>eed  than  in  tbo  commoD 

nor. 

1.  ParaMie   Ooiyrptor  —  In   fig.  B,  let  BX  be 

:  axui  of  the  vpindJo,  and  E  th«  centre  of  one  of 

I  balls,  vbioh,  ai  it  mores  towarda  or  from  th« 

idle,  IB  euided  so  aa  to  d«aeribe  a  psntWIiu  trc, 

' .  witi)  tlic  vertex  at  K.    L«t  E  F  dc  a  nomial  to 

paraboLi,  cnrtine  the  axii  in  F.    T1ji«  vorticuLl 

it  of  k'  aboTe  E  is  constant,  bcitii;  Mioal  to 

>  tbe  focal  distance  of  the  paralxiU  ;  hence  this 

.  _  .nor  ix  aliaoltitcly  iaovhratiouB.     Tlic  ImUIb  may 

I  ^id«d  by  banging  e«cb  of  them  by  mcuii  of  a 

Eible  'pring  from  a  cheek,  L  H,  of  the  farm  of  the 

nlnto  iif  thn  pftTAlxiIa,    To  tiitd  nscriraof  |K)iiitnin 

rnib'ila  Olid  its  ovolute ;  from  the  vertex  K  lay 
A  ==  K  B  =  J*  ;  A  ynW  be  the  focus,  and  the 
Hmtnl    line    BY   tlic    ilinx-trix,       Draw    AC  T\g.% 

Je)  to  an  intcndc<l  position   of  the   l>all-rod ; 

.    it  in  D ;  draw  D  £  perpendicular  to  A  C,  and  C  E  pantllcl  to  B  X ;  E 

be  A  ixiint  in  the  paratKiIn.  imd  F.  D  a  tangent     Then  |<ajaUcl  to  CA, 

E  P  ;  tbie  will  be  a  normal,  and  a  poBition  of  the  ball  -roil.     From  P, 

ll   to  DE,   draw  FG,   cnttintc  t^'E   produced   in   O;   and  from  G, 

te  B  Y,  draw  G,  cuttiug  K  V  prniluced  in  II ;  this  wili  be  a  jwint  in 

teTalnt&     In  Parrot's  ^vemur,  tho  rnd  EH,  iu  ita  middle  position,  is 

from  a  joint,  H.  at  ttm  tnd  of  an  arm,  M  H  ;  this  ^vos  apprvximato 

oniom. 

Adjiuiabk-Spttd  Oovtrnor  (Bankbe's). — In  this  tona.  gf  saftnat 
g.  C)  the  £ror  oen- 
_ftt  bolls  marked  A 
I  balanced,  aa  revardi 
kvity,  about  theloiot 
I  the  spindle  X  X. 
;  are  sliderv  on  the 
rods:    DB,    D  B, 
I  jointed  to  the  iilid- 
oeotred  on  a  point  in 
'idlcatD,audofa 
DB-»M>;  F,  a 
I  drcnlnr  platform 
[hyliDkBBE,BEi 
By-tittingcollar^ 
BtedtothoBteelyanl- 
OH,   where  fol- 
ia at  H  ;    K,  a 
_  fit    adjustablo    on 
rie\'er.     This  gover- 
Dur  is  truly  isucliroooaa ; 
the  altitade  A 
Illation 


r«volTlllg  pendulum  of  equal  speed 
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IV. 


^^. 
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sifetei 


■MIMII 


C  ;  «ta*  cw  W  Am*  d«h>  W  bad  «  b*  tki 
l£«U  W  fc  ■!— Ill  whM  fe  tUr  oidfli 


to  ht  aauBporUiit     Hi*  rtlnfJa^  Unm  m 


watk  •  Itmvittar  ftWiluUlt  wuiJiiMWi,  tlM 

VAty  In  Um  <ilai|>io  rmtiu  of  tiw 


toUu 


r.  TtMiiiiX  4cL>— te  iIm 

far  SM  a«  botd  Ob^  tkt 

filfaBr  to  W  WfaBoad,  01  It 

rfth  iht  nrrifmrnl  &»•■ 


JUvoaxm  to  Ajtncu  365^  Paob  S08. 


ThiWJiiiM  nwiiBiw  fiiirwiTnillij^lr   rHitiwTwIlfiitmO  iiiiniiiliiMi 
of  two  bmioUbl  ncHala^  ooa  imhin  iIm  otber,  aad 


«U)y  o: 

»V'  'llMUUMrwMBWbnBgiuuMctMW-waterfixint^ooU'Watnlaak;  laJ 
tli»  MQlkaal  HW  of  HiaotUk  ii  MBtiy  that  ATflD  bjr  the  nila*  of  AxticU  »&, 
*ri)ii  .u>ti.p  tM-rflfl  noaiw  the  vuto  «te«B  nvm  the  ovlindo- ;  tb«  ''■niTMiiif 
of  1  (ir  nkmnrat  inrt  of  ita  outlet^  is  •  IHus  greater  ttuo  thattf 

i)'-  '  r  noBdct    ikyuwi  the  throat  it  widiou  tlowW  in  •  Inia^at- 

RluuUwd  fi'iiu,  iu  duunetor  »t  tho  mouth  Xtaag  about  Uir«a  tUDca  Hk 
lUauMAar  «i  tlH>  thrrait  If  tbon  aro  two  cytitulcre,  there  i«  an  infeWBurfirtt 
taOMbw  >o  H  tn  diviila  tba  ateam  oomiua  from  ooc,  from  that  ttmun;^  inm 
■BoUiar.  Tba  oonclaoMtloB  bdm  on  in  the  apaoa  between  the  ootkt  of  th* 
•(iltl<wita»  tolda  aad  tba  tliroat  of  tbo  outar  oonlo.  The  Tacnnm  i«  A 
Wm*  h  loed  aa  in  tba  ooaunon  ooadenaer.  The  moDMOtiun  uf  the  coU 
wwler  MM  of  the  viutto  iti-am  carHrs  the  whole  ooBdeoaation-water.  togetyr 
Wtth  tha  air  r  lahv  throat  of  the  outer  ooizla,  and  oat 

^al  tW  lnMi|<  ^'  jtowcr  reqaind  to  work  an  air-pump 

laMTCtti  ■•  ti>  Himii,  K-o  [M^-r  ;Mr.<.     (See  Tmaj.  /imC  fii^.  tfa<  lS6S-69l) 


Amuonwii  to  Aancui  S89,  Paqb  407. 
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K*p«wlM  of  flicMK  (aea  fc.  D).— Dnw  s 
ctnughl  Um  C  A  B^  iu  whioh  biJl«  A  B  »  4  A  C 
Draw  A  D  pHimdmUr  to  C  A  B ;  and  about  C 
daaeribattvatoftlar  anfiD  oottinc  ADia  Dl 
nMiftDA  laka  %m  that  DE^DA  ihd 
mMMklte  <i^diw  iMt^{tmA  ooBaaoiiaallT 
n  A -«- D  B the nia  eTazsmiiai)).  Atfedm 
»  EP-£-ABwiOU 
1  to  tuJtial  ■iiiiV^« 


^  KFranlU  h»  Aa 
^  Ik*  i«^[«mA  wtta  rf 


TABLES. 


L — Tablb  of  Hsghts  duk  to  YELOcrnES. 


EXPLANATIOK  OF  STUBOLa 

V  ^  Telocity  in  feet  per  aecond. 
.  Jk=  Height  in  feet=tf'-i-64-4. 

This  table  is  exact  for  latitude  Si^i,  and  near  enough  to  ezaci 
oees  for  practical  purposes  in  all  parts  of  the  earth's  surface. 
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39 

23-618 

78 

94-472 
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3-4938 

40 
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80 

99-379 
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41 

26-103 

82 

104-41 
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4-4876 
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27*391 
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109-56 
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43 

28-711 

86 

114-84 

19 
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44 

30X)63 
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120-25 
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6-21 13 

45 

3»-444 

90 

125*78 

31 

6-8478 

46 

32-857 

92 

131-43 

32 

7-5155 

47 

34-301 

94 

137-20 

23 

8-2143 

48 

35-776 

96 

143-10 

34 

8-9441 

49 

37-283 

98 
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9.7050 

50 

38-820 
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v^-SA 
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10-497 
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4i'9&7 

998 
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Oa^^i. 
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410 

4» 
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450 
460 
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490 

500 
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60D 
620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
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860 
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920 
940 
960 
980 
xooo  , 
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694 

704 
7*4 
•  724- 
734 
744 
754 
764 

■  774- 

794 
814 

834 

854 

.  874. 

894 
914 
934 
954 

■  974. 
994 

1014 
1034 

1054 
.1074  . 
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1114 

"34 

"54 

"74  . 

1 194 
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1439-2 
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1501-3 
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1364 
1400 
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1473 
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1580 
1616 
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1897-2 
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3005-3 

3041-3 

»077'2 


1653 9113*3 

1688      3149-3 
1734      aiSs-a 

1760  2  231-3 

1796  3357-2 

1833  3293-3 
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'•49*4 
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*-5««3 

3-fi421 

»7i5J 
27518 

2-834S 
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31168 
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3-2638 
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340« 
3-4818 

3-5547 
3-6277 
3-7007 
37737 
3-84<^ 
3-9'W 
3'99»7 
4^57 
41387 
4-2117 
4-2847 
4-3577 
4-4307 
4'503< 

4'57« 
4-6496 
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BlMt  pipt,  313,  S8S,  3S8, 411,  SSI. 
Bllid  ooal,  SeS  (we  Fud). 
6]«ir  t&nra^  nlva,  48L 
Blowinc  npantu  fbr  flimuaL  '292,  SfKL  j 

4&1,  {Jl 
BlowtoK  of  app«rataa,  4Si,  4U,  621. 

in  lonnootivui,  630. 
BoUar.  pazta  aad  toptoitJm  tt,  45L 

beating  tattux  «  (•>*  Haatiag  SariSK»> , 

bone-power  of  (aei  Konniil 
power). 

poocn,  4*>2, 

•bell,  461,  46e. 

•U]n,a.4».4fi». 
Botlon.  affietency  of,  S9Q. 

tad  hinuuM,  MiMral  amnganuata,  449. 

axMnplot  ct,  &9. 

■tnogth  of,  67.  70. 4M,  46^ 
BoUtng  pelau,  2Sfi.  186.  2S7,  tiX 

naWaooo  to,  of  brine,  S42. 
B«lt»,  itnagth  oi;  66, 68,  7L 
Bnkea,&l 
Braaat  of  a  waUr  nboeL  161 

wfaMb,  bSA,  160, 177. 

wlMlLkSTieL 

Briu,  boilins  pobia  of,  Ml 

blowing  a£4fil4M. 

patttftt,  408,  4H. 
fiiukat  boiit,  lOf. 

BnducaofwaUrwbKKiea,  180,  ISl 
Bonbg  (mo  ConbuitMm). 
Buntiiw  (a(«  Enloakn). 
Bnttei^  ekek,  Ul 

Oauibdictsim  for  ouaawing  oiundtUa 

<ifbeiu,344. 
Oapadtj  for  beat  (bm  Gped&)  HMt> 
Cart>on,  268,  872,  271 
OnboTuc  Kid  caa,  aipanaWQ  and  elAstmty 

of,2«». 
addgBa,S61 
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CUkmj,  Z«9,  188, 4S1,  tfa. 
-    ■      III. 

144. 
Gh«vnk4ieL 

OHkihlK 

wMvpaih461,M«. 
(Mm,  iHdiif.  Itfl. 
OitaalK  ttnitftb  <  TL 


nto<S»4. 

Mai  hMt  <  »7,  tn,  sn. 

OnMlBc  e|Cad«;  IK 

rill  till  H  ii.wL 

r.  Ml.  Ml.  Ml. 
r.  total.  4SI.  W7. 
Mr,  «BI.  UT.  Ul 
Bf&OB,  481.  U». 
OaBdMiB|M||faMi,47& 
OwiMtl«WlMt.U7. 

ift^&iaHi,  421. 
OBnkdnln.  111^483. 
«nd^lM.      _^__ 
UBBMctiBC  naciMWBi  w  iMani  nnm, 


ndm  MfMrtlk  oi;  74. 
<TrtT»rt«^J  Miwn,  94.  lOS,  IM,  IM^ 

of  cxHMiaB,  81^ 
CwwiriilMklar,  47a. 


OrmIc 


bjdimliot  1S3^ 


t  it(«ai,580. 


nptioii  of  fad  attuel  b; , 


Cniik,4)IS,5n. 

Cnmln,  ainaidb  ol  7B,  7S. 
OoM  bnaUac  twMnw  to,  Ti. 
OM»-lM*di  r«d  uOi,  Miragtb  a(  79. 
OrwUiC,  iMfalncc  to,  7S. 
a«t.  ialannl,  ta  boQar  (m  Dnoiit). 
n^Ml,4ML  ^^ 

IBtfnMBd  MOM 

4M. 
Oamnt,  wKar  vteal  b  an  apok  IN. 

ohamm  tiw  flau  fai  Mcte^uc,  an 

Ort7(an  StoM^  HtloB  of)- 

*■!«•  (m*  ETpanann  ralva}, 

Cflbdv,  as,  4N,  MO. 

eorwt,  481. 

itrmcUi  of.  67,  £00. 
CfUndrasd  hnla,  470-474,  47<. 

pAJirai,  461,  4H. 
Dm4  plat*,  nt  44»,  456. 

poinca,  ftlt. 
Dmitm  baila*,  4>7 
DaUW  fonwa  baOs,  TTP.ttl  44*,4Sll 

Dafiatiog  fanM,  S6. 

IMapMi,  laJt<iaiof  (aw  ladeMor). 

DiapkiicBTClf«a.»C. 

Dlnct  acdoc  t^Mi,  48S1,  S13,  fiUv  SH. 

Dm  aa4  (mt  •>iln^  ]& 


inaH,48!,i 

Deokcy  Hwiui,  4Ci. 

DMkb  adSw  MaaiD  aDuu,  M,  479. 

bMfiiTC,tsOt4es.Soo. 

trHMlvatiBB  «KbH,  so,  481.501,  Mt 
funuMM  boOm.  SA,  47>.  474,  476. 
ptttaaaoma,  80S. 

Otmu^t  of  numa,  S8S. 

DrvwBod  Wfir,  Ifil. 

DiTfioal,S7a(H«FtHl), 

Dqilas  ^rliodtf,  MS. 

DTMBoaiatan,  40, 8fli 

KBcrujnaoi,  141. 

E«nitnc4!KL 
lom,4dl.       _____ 

B4Battaf^3|«ML^ 

Kifciitituj,  N. 
aoBditioaa  of.  pastart)  in  Mtl-aofbMa, 

afa&nofvalar.n. 
of^aiifiiMl,Sww 


■^■b^^H^^H 
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^^RfioeDcy  of  prmiSitn,  5S0. 
^V^of  "t«UD,  4 1 5  (we  al«o  StMin,  Mrtion  o(). 
of  tbe  fitdd  IB  bMt  anpBei,  S83, 842. 

Fced-witCT,  art,  889.  401.                            ^H 
total,  464.                                                  ^^H 

TiJlb  pofftn  Mai  mmma,  lB7i                     ^^H 
Fire  ban  (mo  Orale).                                        ^^H 
rira  Uii,  449,  4&S.                                            ^H 

of  torlMMi,  190. 

of  Tsrtksl  water-wbc^  174. 

of  windiaina,  318. 

etniDKUi  of,  89.                                          ^^H 

Eflbrt,Sa 

Fin  doMS,  279. 383.  4S0,  45&                     ^^1 

ElHtiat/ of  OHa,  2m 

ElMtm-dMnteal  dndt,  5i>. 

Fin,  tnnpenttiire  of,  388.                          ^^H 
Plringfijniaeei,381, 291.                             ^^H 

EbeCriMiuirMde  tttractioM  and  Mpnl* 
■Mms,  Bi4. 

Flame,  378.                                              ^^H 

cbimbcr,  fl«n«  b«d,  480.                           ^^^| 

Iwr-cagine,  M7. 

Flap  Talru,  I2l',  I'M                                            ^^H 

diio-tngine,  fiM. 

FlexihU  Ub«  valvM,  438.                                 ^^H 

■i|^Ma,639. 

Flexura,  oioiurat  of,  7A.                                ^^^| 

■tpnes,  eficipncj'  of,  &44. 

Float  in  boiler.  458.                                      ^^H 

mgintiL  Ibnr  cast  oT  workniK,  ■■  ooni- 
pw«d  with  ItHt-eng^M,  641. 

rioK  of  til,  S34i  of  ntciin,  2!>8,  xjr.           ^^H 

of  watur.  meaBUMODent  of,  92,                      ^^H 

tilaiig«-«nf^  £4S. 
Elecm-notln  Ioto*,  fitt. 
£D«rej',  kctaal,  U.  o90. 

Mrfworic,  Miifclity  of,  W,  840. 

fartrinflc,  313. 

througb  ohADDol,  154.                           ^^^H 
Fhm,  4«0,  452,  461.                                    ^H 

itnn^  of,  70.                                      ^^^| 

Fluid  coDditkn,  888.                                    ^^^H 

l*w  of  tba  traLmtrnnnKtioa  of,  MS,  540. 

FI7  wbmb,  80,  483.                                      ^^M 

orebemioiil  wUod,  S67,  &I& 

Foot-pound,  L                                             ^^^H 

of  best,  399. 

Fmn*  and  moebaidani  of  eogiai,  tCrangA  ^^^^H 

potsotul,  92,  639. 
BaniEbriDm  rtdrt,  122,  488. 

oi;  830  (bm  Stnnftli).                         ^^H 

n4rtJo]i,Mw                                              ^H 

iKd«^*ilr«,  489. 

beat  proteoed  br,  18, 390^                       ^^H 

Equiralnit.  d^nninl,  of  boU,  289. 

or  finldH,  66,  99.                                         ^^M 

EqnirBirot^  cbominl,  SS7. 

Fuel,  iDgroditnta  of,  273.                               ^^H 
availaUe  hut  of  oombortiBD  ot  290.           ^^1 
kiada  of,  374.                                                     1 

Emm  vmlvfL  481. 

EtbH-,  fimmka  fiw,  287.  445. 

■sd  M«WD  neiw,  444. 

nt«  of  coinbwtloii  0^  36L                          ^^m 

ttbk  for,  V  .  668. 

npplTofairto,  280                                  ^^M 
UM  Mat  of  combnstloo  of,  377.                ^^H 

*    Er^oritian,  2U,  241. 

faetora  of,  '1&6. 

waata  of,  390.                                              ^^ 

Ijdcnt  bua  of  (rm  Latmt  beat), 

Furnaoe  (m  Combaatian  and  Faol).                     1 
and  bmW,  efficicDajr  af,  290,  UTS,  4D9,                 I 

imararamfgBt  m  bnit  bj,  364, 

toul  beat  «r,  S&a,  837. 

ksd  boilar,  ffeneral  anugMMaU  of,  449l            1 
•fficMii^  «F,  in  air  iqgiiMa,  880,  870.                1 

Bzhiaiut  port,  487. 

ExMuion  br  cbs  slid*  nlm  491. 

wamplM  of,  469.                                        ^^J 

sw-'"- 

front,  460,  488.                                         ^^M 
ua  anicine,  874.                                        ^^H 
bright  of,  447.                                                   ■ 

btent  bf«t  of  (m  UI<ol  hntl 

afguM,S3». 

ofBqaid^SSt 
of  KliiiR,  284. 

Famaoa,  puta  aad  appndafw  of,  449.                1 
KnmUa  ping,  464.                                                        1 

Fiuion.    t(>ni[Mraturea   of  (we»    Mdtin^           1 

tcItsi,  480,  498,  499. 

pointA).                                                           M 

EspuriT*  Ktiod  or  hwt  in  RvUm,  810. 
Mtion  of  itniD  (m0  Stum,  aotuo  vt,  oo 

latanc  baat  of  (sea  LatODt  boat).                 ^^M 

picton). 

Gas,  49a                                                 ^H 

Exploaon  of  boUtn,  468. 

Cm,  pwfKt.  22«.  656.                                       1 

GaaoB,  abaticiiT  ot,  229.  810,  854,  ^^                J 

PALLofwat«r,9l. 

■Minnf,  88. 
Fa  blown,  290. 

flow  oL  824.                                               _^J 
OaaofieatW,  total  boat  of,  285, 837.            ^^| 
GM-niiDDe,  447.                                           ^^M 

OaalMt,  129.                                                  ^^M 

fwd  q>pu«liu,  4U,  464,  U3. 

Govereon.  63.  tS<L  480,  ML                        ^^M 
Grau,  t«&,  4A^, UA.                                   ^H 

pinnp,  4fl«,  464. 

FMd-MxfAr&rafff,  2Q3;  294,465, 

GTkUB,nKi'nii(^tl6&,^'l.                          ^^H 

HMd,  1m  yi.  in. 
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ImUbi  wtea,  SO,  SflS,  MI. 
Hei|^dM«»««lociM.  II. 
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pwwK.  1.  40,  50   (M  kUo  laOnted 

pswti;  dwuH^  of  •(MBcariMt  492. 
fowcr,     Boninal  (jm»   Bomwd  hDrac 

HofMi,  WQffe  i<  N. 
Hot  «4  411. 
HiiwvinBidriM.J44. 


lor,  n»hfiiroi;3U,33l. 

IiiipiilMi.  20. 

Df  water,  163.21). 
iDdtaatn-,  ctean  eBgtiie,  47. 

fiidJootrf^  ASH, 

pcwitiao  oC  4Si 
iDOoitBd  nmr.  SO,  «1,  ast,  SSft 
iBifieaUir  diamin,  IbaoRdou,  87 

Aienm,  MboxbuicM  ot,  417. 


876. 


Ia«ti^qwnnilc<,ll 

li>(«b«  vih^  4B1,  M8L 
l«>cUr,<77. 


Jaonrvaod 


joarskU,  ftlctiM  of,  IC 

aUmph  of.  7$,  79. 
Jnk  (Sc,  l£). 

Kxn,  rttaeth  oi;  7L 

KBosnanMn,  1. 

fffttrt,  iif  wnrtflri  nnTr.  imtImm;!. 

UrafsUBralni,491. 

Ulwt  hw>  itruMiMMa.2&ai,  309,  nt,niL 

bMt  of  «r»pocatuR,  t&2,  «»,  UfMC( 
M4< 

faMt«rh^D.8M.  8IL 
iMdaTalUanh.  4SL 
Lawtkradtar.  1S8. 

packsd  piiiaii,  13& 
Lmt»,  Mnagtholl  Tft. 
Link  OMCiMt,  497,  MOl 
"iinfirriTn  fin  Trill ilniiiiln^il 
UqoUttiHvUa. 

wiMr  to  cyliDdv.  «AGlt«C  W 
IJepMt,  wcptmkntt,ftt, 
Looomotm  atPSB  nunnn,  ifllki 

air,  KiDblr  of,  281. 

kMk«i«a»B,a81 

IdndoftUOL 

biMt  pfpc,  BSa. 

(MBliintiM  in,  SW. 

cmdMMiDC.  41S. 

•Odwer  I'AiniMB  wd  boiler.  SStS. 

Biiayim  nf  ftTT 

■spMuian  id,  49L 

fnnwnukd  boifer,  449,  4fi<,  4fiT,  4B^ 

4«>,468. 
beating  cyUnder.  SH. 
btk  nwtioa.  497, 587. 
nplBtar,48a. 
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offMiUtor,  41*. 
of  engiiw  and  tnin,  S39,  (S^ 
■afatr  takaa,  44& 
annkt  bnnnag,  tfiS. 
Low  pfaamra  mam  wgiia^  478. 

itkcmst,  maioB  o(  L 
31  ao.  work  of.  64. 
lio)a.4&2. 


nciyEr, 
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Uus,  xir..  19. 

Maehinlmi  of  ittani  mgjaa,  47S. 
fwataooe  aad  •flhlKu^  oi,  423. 

poisU,S3fi,tt5,»l. 

IfarcDriu  barontUr,  Muort  gfiog/t,  ud 
vuatungran  UOi 
Uwraioantw,  WW. 
Kettlfio  pMlcng  for  patooji  400. 
lliUp<»d,1M. 
lite  HI,  160. 
M^Mlnhw  w  •  tsMlriiMi  89> 
Moowut  flf  fixtioa,  17. 
ii£motiaa,tL 
if  RWtaoca,  8. 
it«laeat,8. 
Jtaneotsn,  19. 

titliiH«c*  of  fianiK«,  4fiO,  4fi8,  4TS. 
ad  bole.  m. 
ilea,  work  of,  89. 
'  '    '    '     bml«ra  («ee  Tnbolu  boaIa«> 

hor*e-)niKr  of  aogbiM,  479. 
of  boikn,  478. 

wdMLBOc  MiglDeii  478,  480. 
boird,  Bow  OTcr,  93. 

_,  le :  mineral,  ae  foel,  278,  477. 
iflce,  Bow  if  water  tbraaub,  95. 
"Utiog  cnmcs,  4&2,  603,  518. 
1,  or  Siuclwd  <bnw»,  363, 449,  47£. 
^.ibot  water  wbeds,  1«0, 177. 
whtek  at  hkb  ipeeds,  18ft. 
BiWcvkoTSS. 

-g«^  sea,  478. 
■a,  hnapeD,  139. 

ST,  IzO. 

llle.M5. 

I  wD^m,  518-63Q,  088. 
^  «fflciencT  of,  6S». 
l«Mtioa.48»,  fil3. 

miitaDca  of,  to  flow  of  tCann, 
413,486. 
Pe>t,«7fl(«MFod). 
PtadaltOD,  moMng,  1& 
I*Mroleuin  (Me  Oil.  minenl^ 
Pillwi,  itnnctb  of,  78. 
PfaiH,  Mnmi^itlt  of,  f  1. 
npM,  Bow  of  water  tbrangh,  113. 
Piston,  action  of  water  on,  110, 13a 
of  waUr  aodnB,  ISS. 
R>di,506. 
ftrcOKtb  of,  74. 
Talm,  125.  141. 
Pbtans  of  ateani  and  oUicr  best  wehin, 
892. 480,  605. 
adTWlaiKt  of  long  atnlu,  i07. 


PIqrM  488. 

Plunger,  127. 

Pond,  mill,  lAO. 

Porta,  Oeom,  418.  480, 485b 

pMtt,  Unogth  oi;  74. 

Pot«MUl  macfjt  n. 

Powtf,  40. 

moacular,  81. 

of  a  Ml  of  water,  »1. 

of  an  orenibat  wheel,  ISA. 

of  an  nndenhot  wheel,  l86l 

of  tnrbinea,  193. 

ofi«indiniUa,S18. 

(we  alio  £»denqr> 
Pnai,  h/di«ulie,  66. 
Vremi*,  bock  f m  B«ck  priwntt). 

uiwii,110,454. 

toten^tr  of,  4. 

loaa  of,  413. 

menu  cffwitve,  M,  61. 

BMaa  affnctim  in  air  nnoes,  8SB,  850, 
387,368,873. 

mean  afiktiva  m  batt  aiigiiMi  838. 

nau  eflactiTC  in  MUi  aibM,  87B,  888, 
8M,«0l. 

ration  udta  U,  8,  lift  888. 
Praaaani,  awtamMyiDodeof  ttotbig^  108, 

427. 
Prime  mowre  de&ned,  13, 

claMed.80. 
PiiniiRc,  48L 
Proof  o?  (trength,  65, 
Provinc  boilen,  488. 
PampbrakM.  dB. 
Pntnpiog  onpoee,  US,  6SS. 

QuAHTTrnts  of  heat,  SJS. 
of  boat  ejEpraaaed  ia  fooC-potuidt,  300. 

RjDiATtogr  of  beat.  257. 

from  fiMl,  228;  i^'i. 
Ram,  b^dravlio,  311. 
EotttA'um  ateam  eo^ne,  686. 

of  wattf.  173. 

w«t«r  wlml  ISO,  l»7,  308. 
BedpTMaliiig  i<M«a,  S& 
RegniBrator.  Ml. 

Rasnlalora  fieo  Tbrattla  ral-ro),  82,  lUu 
RareMe,4ai. 
Belief  elacka,  144. 
RouaUnce  at  eleotiio  dmut,  813. 

of  looonotiva  ensteea  and  tnias,  £S9. 

ofiteun«oghM,4]B. 

offtaam  paM^sa,  413. 

of  water  pjfas  nd  etmniela  iu»  Flsw 
of  watvr). 

to  ODOductidn  rrf*  beat,  537. 
Rolott  bttJtr,  470. 

b;  ^ink  nvASiiOt  \te. 
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;  of  los^  hj  moBealw  pomr,  88. 
■  streofith,  76. 
I « Under  «(t£iiM«,  MS. 
:,  481.  481 

lof  boil«n  mi  tobo  plato,  451,  4S3, 
460.461. 

rWTm,4«a,  474,  47(1. 
■.■tMtn,  &8& 
r.  180, 30L 
,  176  (Ma  Puel). 
iag,  kcIiUbm  ta  7S> 
lb«wliD9,79. 

■or  watff  wbnls.  161.  Id6. 
ioni  of  indicator  diurun,  Hi. 

DtS,   16. 

iMkcted  atmn  enuDc,  W7. 
■    ,  451.  476. 

vu  (m*  Pnuure.  CtuComuT  3foJe 
'  Sutiug;    abo  Staam,  Bocfc  Pies- 
eM). 

L,  no,  481. 
464. 

117  (tee  al»  Cbcki). 
480. 

462, 486. 486, 4»a. 
.  I  Slide  *«l*eB). 
ntuUaoe  of,  413. 
impabeof  irawr  on,  163> 
ftmn  of.  17a 
IB  of  wHteron,  171. 
.  Rntpotk*  of,  S36,  325,  336,  651. 

tvbo  boilm.  461,  476. 
<d  tenw  marine  eni^cie,  5ZS, 
witar  wiml,  191,  1»3,  ld7,  198, 
M7. 


f<£. 


flimM 


fAOOX  boiler,  469. 


Wart*  wiir.  160. 
Wkter  bkmer,  SIA. 

bucket  enjpDee,  106. 

bucka  lioift,  IDS. 

es|iMnKiun  of,  bj  boat,  109. 

gauge, -UU. 

im)>iilM  gf,  168. 

oiMiBraiiMnt  of  Bow  o^  M. 

meten,  146. 

power,  91. 

power  eiiKiiMa,  97. 

prmure  inziact,  107,  ISS. 

pnaiBn  bobu,  183. 

toom,  4fi2. 

tabc  IwiJere,  461,  476. 

wlii^l  ^reroora,  l&tL 

wIjmJ  in  an  open  current,  188* 

wb««l,  vertiou,  cbok*  of,  177. 

wboela,  bofiuoul  (ec*  TvbiiM\. 

wbeob,  TwticaL  IW,  160, 174,  U7, 186. 
Wclr.  flow  owr,  94, 160. 
WindmilK  »14. 
Wlnv-dnwn  ■teun,  418,  417. 
W<»xl.  276  (an  ?aefy 

beartli  for  banune,  4A7. 
Work.  1. 

ii^iiut  an  oblique  fona^  6. 

afpiioft  i^ritj,  8. 

3;aiBKt  varjinf  nauUnoe,  9. 
gebraioal  wipwicna  for,  6. 
■iDrinic  ntatdaliOB,  86. 
in  teniu  of  laitular  Hwtion,  8. 
In  terms  of  prtMon  ud  ralain%  4. 
of  am)eniiir«,  18. 
repmentMl  bir  an  ana,  8. 
eammar^  of.  1i. 
suinination  ol  quanlitiM  of,  6. 
naeful  and  loat,  19L 
Wnoduag,  muiaaee  to^  7& 

Z-o&uiK  eaginA,  483. 
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CHARLES   GRIFFIN   &   COMPANY. 

lo  STATIONERS'  HALL  COURT,  LONDON. 


.necdotes.  Literary  and  Scientific,  illustrative  of  th 

Ouracicr,  IlatiUs  nnd  CunvenAtion  of  M«n  of  l^lt«r»  and  .Sdcnc«. 
Lditctl  by  William  Keduie,  Secretary  lo  the  l'hiio>ophical  Society  o^ 
<.ita.^gaw,     Tliint  Kdilion.     Crown  &\a,  clotb,  l^wvelled  noank,  y.  M,     ■ 

liblical  Cyclopedia;  or.  Dictionary  of  Eastern  Anti- 

quitici.  Geography,  Xaliiral  Hiitory,  Sacicd  Annakand  Uiography,  Thco- 
Ufgy,  and  Itflilicnl  T.tteralure,  itlusCrntive  of  tlic  Old  and  New  Totaitienl. 
By  the  Rhv.  Jiihn  Kahif,  O.D.,  I.l-D.  Wiih  Msps  prqiareH  cKpnrwIy 
by  W,  and  A.  K.  Johnston,  and  nuineroiu  I'iconal  IIIui>tni[ion«.  Ji»1 
fiublislicd,  i)ic  F.levcnlh  r.dilion,  rnibniting  all  l}ie  laiest  DUcoverics 
and  Lx])1oratiuTti.  Large  poit  Svo,  71x1  [mgc^  ttiindsomc  clolh.  |>ricc  ;/.  6>/, 
"Thin  ncn'  ettiiion  it  not  a  mttt  rci«iaiv,  fur  ihc  chani;^*,  wnall  end  emu,  arc 
■RMu  and  iinponont,  Dial  «  mitht  atmmi  !•«  ctllt^d  a  tic<t  I'CjJiKriuii."— ftJ-/»Mi7/» 
'Autko't  i'tr/ait. 

BtK)k  of  Dates,  The :  a  Treasury  of  Universal  Refe 

cnce,  from  ihc  Earlicti  I'tfri'nts  w  the  TrcMiit  Timt  armnecd  Chru 
tiit;iuilly    anil     AI|i)inUcli( J)ly.      t    Vul.      fosl    Svo,    cinlll.    );dt,    arilii|iii 
bcvcllw't,  lew.  tut. 


I 


I 


"  AilmtraMy  adifdcJ  fur  a 

UookkcGping,  a  Complete  System  of  Practical,  excm- 

j>lififii  ill  Kivc  Sets  of  Itttulc^  arranged  liy  Single  Lniry.  Hunt^lc  Enin'  in 
j>reiEnt  ui-acikc,  and  a  new  mclbod  of  Double  Kiilry  )iy  Single.     And  on 
ApiM-tidix,  com."iining  a*-ari<:tyof  lUuilnHioiis  and  IvuTci^ct,  «ilh  a  Sec« 
of  Liignivcd  J'nniih  of  Acciuints.     By  C,  Morrison,  Accountant.     Nint' 
K«lilion,  willi  valuable  a^ldiciims  anil  impri)vciueii(>.     jtvn,  hnlfdioiind, 

Uook  of  Trades,  The:  a  Familiar  Description  of  the 

Mode*  ami  Pnxesscs  by  which  the  Wani-s  and  Liixunci  of  Modem  Civtlun- 
lion  are  su]rplicd,  A>inpte<I  for  Stliool-,  riille;'«,  and  Families.  By 
James  Wvi.hf..  AnttKir  of  the  Ahi^ir  oj  Scim^i;  Ac,  Ac.  With  »hirty- 
two  illostraiionA.     Foolscap  Svo,  doth,  4/.  tJ. :  with  gilt  edge*,  5/. 

Brougham,   The    Life  of  Lord.     His   Career  as  a 

Slaic^-inati,  a  l.aw)-cn  and  n  PliilaiitliTopi^l,  from  AaUienhc  Sources  By 
JuH.N  McGiLciiKisT.  Foolicap  t\-^  with  a  line  Furtrait  ou  .Stra. 
Clirth,  2i.  &/. 

Bryce's  Gazetteer  and  Johnston's  Atlas.    Comprisi 

an  Account  of  every  Country  and  impor.nnt  Tuwn  and  IxKialiiy  in 

WorM,  from    litvciii    Aulhunlies.     By  Jauks    IJRVtK,    LL-h.,   F,C, 

With  Niinicrinit  Lngniviii[ji,  and  an  Atla^  uf  V*eMv  '(cr^  Vvcauvv^'oVV^^ 

ffitfravtd  j/nJ  printed  ii)  coloun  by  MK.S&U&  ^QH'S-s\vil\^  <A  V^isS' 


^i^FE*   AST>   CO.  a 


Cririral,  His'.onc.ii. 

of  the  Time  u 
~     aadlXMtmben. 

of  Letters  of  the  Tiro 

T^Htt.  g  ■!■■  u  iTsaw.  BoUn 


cC  BritisJi  Statesmen  of  ihi 
cf  Bmxsh  ^talesmen  of  th 

m.   «C   rr.      Xo   Editk».  e^impA  t 


VaL6.- 


of  FofC^  Sta&csmen  of  th 

9UK  B^S^^  podfjr  cnuifgod. 

Tbeology;  comprising  a  Dis 

,  Dni^ncs  aa  Iii.>iuia.  mad  Di 


VoL  7. — RbttaricU  and  Literaiy  Dissertation 

Lm*  >icm^  i^*^^  l*<i«iKit  CoBCribvcMQi  to  tbc  £iS 

VoL  &— Histtvkal  and  Political  Dissertationi 

oM^poB^  Bih»M  aCPweL  FeRM   PoBcr  md  ReUlki 
W«  MiiMii^  Pewl  f  nMMJiii.  KcwolHiHU,  Relbriiu.  lUg 

Vob.  9,  10. — Speeches  on  Social  and  Politic 

Vol  u. — ^The  British  Constitution:   its  Hi 

Celestial  Scenery:  or,  The  Wonders  of  the  Planctai 

SyMCB  DitpUycd,  utdoding;  all  new  Pbcoverici.  ThU  Work  is  i 
tat  gntni  reailen,  preenting  in  thcic  \iew.  in  ui  uttracuse  1 
uiliHmc  obiccts  of  coatetDplAUon.  By  Tii>juas  Dick,  LL.D.  Ni 
Edition,  rhnted  on  tonea  paper,  hindsomely  bound,  with  gilt  n^ 
price  $t. 

Christian  Philosopher,  The:  or,  The  Connection 

Science   Ktid   Philuiophy  vriih    Relipon.      Uy  Tuou.u  1>ick,  LL. 

Twcttty-tcrcntli  Edilton,  rcvi>«<l  miJ  enlarged.  niosiratLil  wiUi  I 
EnsnTtnci  on  wood.  New  Kdition.  Crown  8\-o,  ctoUi,  pHnied  on  UM 
paptr.  handftfrmdv  boun<l  iviih  ci7t  edges  5^- 

C!nr  it-    '    Ribl<\  The:    an   Analysis   of  the    He 

Ui  vVw  V.V.V.  ^ous   Kavi£,  D.D.     Illmfnivd  vkb  H 


*obbctt's   (William)   Advice   to  Young    Men,   an( 

(inoilcnlnllyj   to  Vortig  Womcii.    in   tlic  Mifldle  and  Higher   kank« 
Ljfc      In  a  Seri«&  of  Lctt«n  addreued  w>  a  Youth,  a  Ilacbclor,  ■  Lurcr, 
a   Hiisfani),  a  Kalher,  n  Ciiiicn,  anda  Subjccr.     New  t^litioTi.     Fools- 
cap 8»o,  cloth,  31.  (s/.  :  >;ilt,  clejianl,  y. 

^obbctt's   (William)  Cottage   Economy;  containing 

Infonnation  relative  to  the  Brewing  of  Beer.  Making  of  Urcad,  Keeping 
of  Cows,  \*'tgi,  Itccs,  PouUry,  &c.  ;  ami  relative  to  other  mailers  deemed 
useful  in  theconductinsthe  nfTnin  of  a  Poor  Man's  Family.     New  Hditiu 
revia^d  by  the  Authors  Soti.     FooUcap  8vo.  cloth,  zr.  M. 

'obl)ctt's  (William)   English   Grammar. 

R-Jdiiional     Chapter    un    Pronunciation.     By   J.    P.    ConBrrr. 
If.  fn/. 

'obbett's  (William)  French  Grammar. 

eilnnt.     Clolh.  3r.  6J.     Exercises  ami  Key,  zi. 

^obbett's  (William)  Legacy  to   Parsons;   or,  Have 

the  ClcrEV  of  Ilic  Establicheil  Church  an  EmiitaMc  Richl  to  the  Tiihc» 
antl  ChuTth  Properly  ?  Wiih  a  New  Prefiice  uy  the  AuOior's  Soil  Now 
ready,  a  New  Kdition.    Cloth,  u.  ftJ. 

"The  inou  ptxiiTTfiil  work  oFthe  KrctKCM  tnooler  orpdltkalooMlnyveny  thJieauntTrhu 
■  Jtrtduccd."— /•(!//  MaU  Ottrltf, 

^obbett's   (William)   Rural   Rides  In   Twenty-eight 

English  Counties:  with  ICconninical  and  Political  Obscrvatioas.  With 
Notes  In*  J.  P.  CnaiiETT.     I2int>,  clolh,  31.  M. 

'reation's  Testimony  to  its  God:  the  Accordan 

tirSr^pnce,  Philowmhy.  and  RcveUlion.  A  Manual  of  the  Eviilcnocs  „ 
V  (,  .  -I  and  Revealed  Rel^on,  with  especial  refcrcntc  lo  the  Progress  of 
J  and  Advance  of  Knowledge.  By  the  Ktv.  Thomas  FUcr.. 
I.:c...i:li  Edition,  i'cvii«il  mid  cnLai^d.  In  handsome  cloth,  bevelled 
boanJs.  $J.  1 

JCnidcn's  Concordance  to  the  Holy  Scriptures.     By 

the  Rev.  Jofin  r.mtK,  D.D.,  LI..D.  With  un  Intioduclion  by  llie 
Rev,  Ur.  King.  This  has  long  nnd  dcvcrvcdly  borne  the  reputation  of 
hdng  the  complete>t  And  h«it  etlttion  extant,  ami  the  present  reduction 
ia  price  will  aUo  cause  it  to  be  by  fur  the  cheapest  puiili«hc<).  Clothi 
jr.  (uf. ;  bcTcUed  boards,  antique,  red  edges,  4/.;  whole  calf,  8/.;  whole 
morocco,  lOf.  6J. 

)algairn's   Cookery:     The    Practice    of   Cookery, 

adapted    lo  the   Rttuneu  «if  Eveiy.day   Ufe.       By    Mus.    DALOAIRKt 

Foolscap  Svo,  doth,  y.  td. 

Dallas's   (W.  S.)   Popular  History  of  the  Animal 

^  Creation;  being  a  K)-sicmatic  and  popular  Descriplioo  of  the  liabiis. 
Structure,  ami  ClauificatiofL  uf  Ammalv  New  Edition,  with  many 
hondied  Ilhi^tratiuiis.    Crown  8vo,  cloth.  %i.  td. 


1 


1 


hondied  Ilhi^tratiuiis.    Crown  8vo,  cloth.  8/.  6d.  ■ 

>onicstic  Medicine  (Dr.  Spencer  Thomson's);  a.  Hio^l 

tlonary  of  Domestic  Medicine  and  llousf^o\i  Sm^v^  ■,  '«\\V  •ww,  *.\^" :      ^^^^ 
Cbnpter  on  lh«?  .M;iii.if;cmcnt  of  the  SicVioom.     Xw^vcWit:  w  . 
Acw  £«fitiDn,  ihoroujjhly  revised,  \llasVTaV«s4.     Vn-A  %i>ici,  OlO**,'"         .;^i 


niARLlW  ORIKKIN  ANl-  ■ 


Eadie's  (Dr.)   Dictionary*  of  the    Holy   Bible;  4H 

iij^oe*)  •■h^*'*P  fnr  ihf  V-r  \>f  Vftur»p  Tenoiu.     Wilb  iu]iD«rr«>  lUi^Vl 
ximi  -        !  S»w,  clolb  aiilnjDc-,  reJ  edgos  **■  C*^ 

gilt  ,  7».  friC 

Eartl\  ;a   Pen  and  Pencil,  The:  an 

lUi:  r^    TtatcU.  Mwi   Ailvpntur»  all  Kmnd  lie 

Art.  iiclnding  %•. 

"f  '  i  ■■.  ;so  !««»-  I "■,■  ■ 

hat  .  I/. 

Kmcr. ... ..  uv...(..    Aaldo)  Orations,  Lectures,  and 

Ewij'v     On  wncJ  |>^^ct,  ctimn  8vo,  doth.  Zi.  6J. 

En^dish    Potis,  The;   with   Historical  and  Critical 

Nolcs  Meiniiin.,  atul  GliMAwies  l»y  RtjRtUT  BfLU     In  29  viJ*.,  (iviU- 
c»p  Svvi.  uitilnnnly  Itouncl  in  paper  covers,   if.  each  vol:  Ksr'r*  ■'  ■'■ 
I.',  tj.     In   Koxliurpbc  biodiDg,  in  teU   ooly,  £3,    ijyt.;  or  1 
Italian  »tvl«,  If.  <W.  jurr  vot,  or  ;f3,  lOx,  per  *rf,  a*  ftJIowi:  - 
tpcarc\  "Vffcaii  awl  ^i^nneo;   F«n  jomoa's   Poenn;   CoMfcr't  I'uauN 
\  toU  ;    tarlf    Ballads;    DrytleoV   r^cms    *   vol=. ;    Si«»{^   ftmn   t(;^ 
rif  ji  i'  itlcr's  Portir.ii  *'"■.■  "     "  ,  ..     .. 

lov"  il.iIliiU  •intl  ~ 

oik]  Miniir  Forls :  Waller's  Pc^cm*;  Olilliatn't  Puans  ;  AV)rritl\  ' 
"  ir  Ml    Bell  liail  d-iae   DuOuns   ntitc  than  edit  ,   .  .   tboe  [>]cuu  .   .      he  ■ 
Wm  EatitlMl  ta  Om  BratJluds  of  ibe  puWic  '— 7V«m. 

"  Mt  Den  una  mcrii*  iW  dr,]^n»tt'>n  of*  nnhi  tdit<»."—Fmtrri  M^tgarit. 
"TtiehmcditicHMltilhenurLet.    Mr  lt«H  U  »  B>odtl  «^llor.  ~—E^mtm*t*  O-aif  Ktekm 
"  Mr.  IMl  lull  really  CMifcnct]  4  boun  wpon  tlie  rtojinf  pubbc" — SafanUy  iC^tmi. 

English  Literature,  A  Compendious  History  of,  and 

11?  Ihe  UnglUb  I,angiuf;i!,  rmm  Ibe  Norman  CotiqucsU  \Mtb  munenm 
Specimen.^.  Hy  GtnftCE  I-  CraiIiL,  LI.IX  Now  rcaily,  a  N'cw  Editino, 
in  3  !ai^  8vo  volt..  titintUoniely  bound  in  dolb,  ^t,  y.;  in  tree  aU, 

English  Literature.  A   Manual  of.  for  the   Use  of 

Collegt*  anr!  .ScIiooK  lielcctcil  fmm  Ihc  lar|;er  work.  Hy  PiturEiii'»- 
C'K^lK.     Tliinl  Kililitut.     (.■mwH  Sru,  7«.  M..  tlolti. 

Eventful    Life   of  a  Soldier  in  the  Peninsula.     By 

losF.i'U  DtiNAi.DSoN,  Sergeafli  In  the  Ninciy-fourib  Scou  Itcproeiw. 
rooUcap  &M\  i-lolli,  3/.  (ui, ;  with  jjilt  sides  aod  cd|>c%  4/. 

Faraday's  Wonders  of  a  Candle:  a  Course  of  Six 

Lrduics  on  ihc  CticniicAl  Illilory  i>t  a  Caii<IIe;  lo  wlitch  U  »MrA  1 
i,cclurc  on  ll.itimiiti.  ticJivcrcil  before  a  Juvcurlc  Aui.licncc  at  I  lie  Hayii 
limllution  of  Great  Uritnin.  liy  Mhuaki  FAaArtA\,  ri.CM..  F.R.S. 
l-jliicd  t>v  W.  L'kooKLs,  F.CS.  Willi  Dumeroui  Illuiattoiu.  Koobcap 
Svit.  cloth,  Jr.  67. 

Great  Men  of  Great  Britain :  being  Biographies  of 

men  'b«tin|*uisticd  a>  StnicMnen.   Tocts  Anihor&,  Anut*.    Uucoftren. 
Itiilanthroiiist*.  intl  of  grol  Warrirtt>  bv  S«  and  Ijh!    .\.     .%,.     TIv 
SiK  Am  niHALti  Alison,  Sir  IVwir*  Hxrwyiuu,  Sir  h' 
CiiAHi.is  KsiGHr.  Ar.  .Vi:-,  &c.     With  uuiuerout  Illusn 
[raili.     Ver>-  handsomely  btiuuil  }s.  &/. 

Great  Events  oi  CiTo^Jlittuv-.  -x  CVvcw.vil<yj,ical  Re- 


LIST   OF    BOOKS. 


GRIFFIN'S  EMERAT<D  GEMS. 

JiMi  pitblUhed,  a  new  roinmc  '>rthi*  euiuUtte  tcri«s.  Bcantifolly  primed^ 
toDoJ  paper,  vr»h  Vonnit  sn<I  ochcr  llfirdTstioiK.  Oath  4fEP^.  61:;  ai 
tnaladiitc,  12/.  6^. 

The  Son^  of  the   Haronoss  Nairne.  Authoress  of 

"Tlie  Land  o'  ibc  LeaL"     Wbb  Moaoir,  from  ^unilr  papal  aad 
oriEiiial  ouufrts^     Edited  bf  the  Ret.  Ciiaklks  K'fCEJts,  LL.D. 
","  HcT  Majeilyihe  Qnceabx*  npfcakcil  her  :uJniir3Ui>r.  of  tfaael 
Song^  ihe  Authot^ip  of  which  is  now  lor  the  bra  liiue  nude  poblk. 
rf/er,  umif^rm  \srlk  tkr  akovt^ 

Gray's   Poclica!   Works.     With    Life   by  the   Re\'. 

John  .Miif>ivd,  andLuay  liytbc  llAILurCAiLi&LC.  Wiih  Pormituid 
numrrotis  Engratio^  nn  .Stcd  and  Wood.  \*rw  E'UliotL  EkxHiUj 
piinted  on  toocd  popCTt  foobcap  Svo,  ridily  botuKl  in  cloih  and  ffA^  51.; 
mabchilr,  I2J.  ha. 

Goldsmith's    Poetical    Works.      With    Memoir  by 

\Vii.t.iAMSPAi.DiNr.,  A.M.  EujyiaitdvlIIutirAiedwiihSteriEngmi^pb 
New  1-Miiion.  IMmcH  on  snperior  toned  p«pcr.  FoolKap  Sfo,  ck«h  ad 
gold,  y.  bd.;  nuiadiitc,  tcxr.  6>ij^ 

Bums's  Songs  and   Ballads.     With  an  Introduction 

on  the  Character  aod  Genius  of  Bunu,  b^r  Thumas  Cailvix.     Piii  Mj 

friiucd  in  amiqae  tyjic,  a;wt  Illtnimtnl  with  beautiful  EngnTtap  on  SwcL 
ooUcap  dvo,  elcganUy  bound   in  doth  nd  gold,  3/.  f>d,\  mlMftil^ 
ioj.  6>/. 

Poe's    Poetical    Works,   Complete.      Edited  by  J. 

Hakkav.     Illiuiminiu  aflcf  '\VFJi\FkT,   Weik,   Ac.-.      Tooal   Piper. 

FooUcnpSv.i.  rlolh  elc^nt,  y.  inL;  mahk-hite.  ro/.  6y. 

Jyron's    Childe    Harold's    Pilgrimage.       Illustrated 

with  Kngnving»  on  Steel  by  Oreatbach,  Miilcii,  Lighttoot,  ftc, 
rram  ra;niio{^  by  Cattekuou:.  Six  T.  I^waxNcx.  IL  IIowau^  aad 
SiYiniAKri.     Iteainifuny  [triMrd   un  toned  paper.     Fuoht^  8«v  dalll 

eleRatii,  5/.  hd. ;  maladiiie.  Itu.  tut 

^hatterton's    Pottical    Work-s.      VV^ith   an    Original 

Memoir,  beamifuUy  IUa»traled.  and  eJetiamly  priatcd.  Foobc^i  Sco, 
cloth  and  gohl,  5^.  bd.-,  ntalachilr  lo/.  (mI. 

*Camplx.irs  Pleasures  of  Hope.     With  Introductory 

Memoir.  IIla>irued  with  tpleiKlid  Steel  Eognvii^  llBiCacn  «i& 
••(;oLr«suiTH,"  "GiAY,"  "  I'oe,"  Ac  \tm  PttfmfwUmt 

Otktr  Veiumti  n.'ili  (^  oJtLii  ftvm  l-me  /••  timt, 

iriffin's  Royal  8vu  Five  Shilling  Series,  the  Cbeap- 

tsA  IttHiLs  pnbtithed.     Fine  psper,  {ood  priMJK  bcsitiU  llhiiLUllui^ 
and  nell  bound,     fa  doth.  5/.;  tritfa  fill  t4E<BK  n^i  iaUceaH^  f^\ 
and  Cf^fet,  1^ 

(V^LIBlltTn'k       MtlC^LA«BOB»      WHmXB..   1   Wtri'*  VcKBk      C^'AJf 

I]i.'it>;i*  A>>o  Scorr^  VvvncAL  Wowol  1  J<Manrafc   TaaVnixAWx 

C'.'mptcic,  1       )0»ail«t.  Tia.  \  W-Mt  '^IWil  Mt*» 

V-  --KTm  Wtim%*  \  Tin  infHiiB'il  i  ■uni'"'"* — 

-■»  famaom  tATmmAtxaM.    I  MAarmcvncJifrM  Twnw**.  . 
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CHARLES    CRTFnX    AXt>  CD'S 


l^arob's  (Charles  and  Mar>')  Talcs  from  ShakcsfH-ar?^ 

New  Eiiltion.     To  which  ire  now  ulilcd  Sccn«  Jlii^ira'.in;:  eotli  T.-ift] 
Wtih  BumenMit  Woodcuu  fram  de*ijBB&  by  llAivtr.    tdiicd  by  Ciuii 
Khigiit.     Smdl  Sro,  doth,  Im-eflM  br>Ar4s  zt.  M.  ;  with  gih  ei^ 
y.  i  tnonxoo  snttqoc,  7/. 

Language  of  Flowers,  The;  or,  The  PilTrimace  of 

Irfire.  Pj-  TKi'tu**  Mii.i.t!i.  With  ewfhl  1^ 
Iwt  pablisticd,  •  New  Kdition.  Small  %vj\  .-. 
baoduiaMly  boond  In  ailk  and  in  moraceo^  bf. 

Mackey's     Freemasonry :      a    Lexicon    of    Free- 

muonry ;  conitinins  <t  DHinitioti  nf  all  its  Communicable  Tenns 
Kotiort  fkf  iti  tlUtory,  Traditions,  and  Aniifioities,  and  an  Accouti:  tA  all 
iIk  Ruo  and  Mysteria  of  the  Andnit  WorUi  By  At  bp*t  G.  M  \ctrt. 
M.D.,  SvcntAry-General  of  the  Supreme  Coancil  of  tlic  U.S.,  Sae,_ 
I  Undiomcly  bound  in  doth,  price  51; 

Many  Thoughts  of   Many   Minds:    being  a  T 

sury  of  Reference,  coasirting  of  Sdtclioni  (rotn  ihe  Writing*  of  tbe  . — 
celebrated  Aulhors.  Coni|ute<l  and  ana]>1ic*lly  ananml  by  HufBl 
SouTHOATE.  Eightecnih  Tbott«and.  Square  Svo,  jirintea  oa  toned  p^jff, 
degant  tunding,  12^.  6(/.;  morocco,  £t,  u. 
"  Ttw  (BDtlBoe  of  ymi%  of  rcMarck  '~£i*m(afr 

Maurice's  (Professor)  Manuals  of  Moral  and 

plqrncal  PliiliiM>phy. 

The  pHiLosontv  AKTtitioit  to  Cniisr.    $t. 

The  FiiiLosopuv  or  the  First  Six  CtvruiiRs.    31.  6|C 

TiiE  PHiLosopny  op  the  Sixth  to  thb  Foukteentu  Ci 

The  rHiLosorur  or  the  Fourtwlstu  io  the  Nimi 

CENTURT.      IQf.  M 

^tcntal  Science.      Saml^el  Taylor  Coi.KktDGE 

Method :   Arciibishof  Whately's  Trtalise  on  Lope   ami    Hlietr 
Crown  Svo,  doth,  51. 

Natural    History    of   the    Animal    Kingdom.     By 

I'koFESsoii  Dallas.  New  Edition,  with  apwards  of  600  lUuHrationi- 
Largc  p<»l  8ro,  doth,  &r,  6^. 

Nichols   (Professor)    Cyclopaedia   of  the    Physical 

Sciences  1  comprising  AooMtia,  Astronomy,  Dyramic*,  Eiertricily.  Hnr, 
Magneliun,  Meleorolo^,  &c,  kc  Second  Edition,  enlarged.  iAxy- 
and  lUusinitiofts.     Larf^  S^-n.     Ilalfbounfl,  Rosbuigbe,  £\,  u. 

Paley's  Natural  Theology;  or,  The  Evidences  of  the 

F-iirtence  and  Allrilvute^  of  Ibe  Dcily.     Wiih  illuitraiive  Noiei  and  Dip 
sertation*-    By  LonD  Druuuhah  anil  Sir  C.  Beli.    Cheap  Edition.    In 
roL,  i6mo,  doth,  ^r.  6^. 


\1mw^  VfUl^  M*  it^VaMi    VI    ^^J^•lli■-.'.'-l"     v.A.  ■j-«*.-.!«; 


*oetrj.-   of  the   Year;  or,  Pastorals  from  our  Poets 

illu^tnitivc  of  tlic  P<aions,  Kmbellished  with  a  Series  of  Arlinirable 
Imitaiions  of  Water -Colour  Pointings  from  the  Dnwings  of  Birkct  Fatter, 
Ilani^n  Weir,  Barker,  Lejetme,  E.  V,  B.,  Duncan,  Lee,  Coi,  T. 
Crcswick,  R.  A.,  beaut ifirllyexecuteii  in  Chromultthography,  and  tooanteil. 
4to,  luii{^omel)'  bound  in  cloth  nnd  e^U),  l6/. ;  morocco,  £i,  £/• 

"  One  n(  ihe  tnoit  admirable,  at  w<Il  n  niast  oKifinal,  coatrlbution*  to  the  pktorial 
■lure  orth«  %cMoa."— Pall  Mall C4ttrtlt. 
"  Allojcothsr,  the  book  m  »  very  atuutivc  00*."— 7jW/. 

amsay's  (Professor)  Manual  of  Roman  Antiquities. 

Wiih  M*p,  mimcTOus  kngiavinp,  and  very  copioDs  Index.  Se?eDt]l 
Edition,  revised  and  enlarged.     Crova  Svo^  cloth,  &.  dJ.  fl 

say's  (Professor)  Elementary  Manual  of  Roman 

Antiquities.  Adapted  for  J  unior  Cliuscs.  Numerous  IUiutrauc»iis.  Thir4 
Edition.    Crciwn  ovo,  dotn,  4/. 

Ramsay's    (Professor)    Manual    of  Latin    Prosody. 

Third  EditJoii,  revised  and  greatly  enlnrficd.     Crown  Svo,  cloth,  51. 

Ramsay's  (Professor)  Elementary  Manual  of  Latii 

Fru.'>ody.     Atlnpled  fur  Junior  Claues,     Crowa  8vo,  dot}),  is. 
A  Xn-   V.\-rl-  hv  Profkssur   W.  J.  MArnuoRS  Rankive. 

Rankine's    Machinery    and    Millwork : 


\ 


compnsmef 

GcQitictry  of  Mndiiiics  Motions  of  Machines  Work  of  Machines,  StreueUi 

;,  ic. 


of  Macliiiie^,  Coiutruction  of  Macl)inc>,  Objects  of  M&ditncs,  &c, 
Illustrated  with  nearly  300  Woodcou.     Toit  Sro. 

Rankine's  Civil  Engineering.     Fifth  Edition. 

Xti. 

Rankine's    Applied    Mechanics. 

Cloth.  \zt.  6tt. 

Rankine's    T!ie    Steam-Engine 

Movers.     Fourth  Edition.     Cloth,  12s.  ftJ. 

Rankine's     Useful    Rules    and 

Edition.     Cliitl),  9.'.  ^H 

Religious   and   Moral  Anecdotes.     With  an  Intro-™ 

thiclory  Essay  by  the  Kev.  Ceiurue  CiuevEK.  DJ).     Tenth  Thousand. 
Ciunn  Sro,  cloth,  ^s.  f>d.  ^- 

Scientific    Treatises.      By  Frederick   SchoedlerJB 

TnimUicd  atHl  Ediicd  by  Henry  Mtr>uorK,  K.C.S.,  &c,  &c,  fte.     Willi 
Crown  8vo,  doth,  i/.  tJ.  etch. 

ELEMI1..NTS  or  NAltHAt  PUILO- 


Cloth, 

Fourth    Edition. 

and    other   Prime 

Tables.       Second 


uunietou^  ItluiUalior«. 


EI.F.MF.NTS  OF   ASTKOSOMV. 

KLKMiuiTs  OF  Botany. 
Elkme.\-ts  of  Cnr.MisTRV. 

Et-EURNTS  OV    GEoLOUV    A.M' 
*  MiNERAlJDCY. 


SOPHV. 

Elements    or 
i'kvsiologv. 


ZOOLOCV     AH 


[Senior's  (Professor)  Treatise  on  Political  Economy 
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Fnogressive    Exerdses 
From  the  Germ  a 

b*  Hi.  Mn 
taitt,  tad  opwaidi  < 


id  PUosMhy.   with    Q 


uotations 


lArcUisiiop)   Trcactse   on    L^c,  1 


%\>«^~s  (Artiibtsh 


on  Rhetoric.  < 
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